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INTERNATIONAL AFFAIRS 


PROBLEMS IN EUROPEAN, LDC RELATIONS IN S&T FIELD 
Rome RINASCITA in Italian 7 Sep 79 p 18 
[Article by C. B. "The Third World and Science”] 


[Text] The UN Conference on Science and Technology for Development [UNCSTD], 
devoted specifically to problems that interest the league of developing 
countries originally known as the "77," ended on 1 September in Vierna. To 
start with, it should be pointed out that this conference has been a bureau- 
cratic monster that has devoured all of $47.4 million, involving close to 
4,000 official participants. This figure is significant when compared ~ 

with the $30 million it would cost annually f.r a much more effective re- 
search program, such as the worldwide one on tropical diseases. 


Such experiences, in which the developed countries so clearly display a 
total lack of understanding of realities that are strange to then, 
unquestionably exacerbate relations with the Third World. Evrope's 
approach, through the EEC's Commission on Science and Technology (CRESTT), 
appears to be different, the more so since the EEC has just initialed a 
second Lome agreement providing for $7.4 billion to be spent over a period 
of 5 years, beginning 1 March 1980, in the research and development sector. 
This Lome agreement can change the situation substantially, provided 
efforts are rationally geared to local situations. Until now, the sectors 
receiving most of the EEC's support have been those of agriculture, health, 
education and training, with widely varying interests, however, on the 
part of the EEC member-countries: Italy has contributed relatively less 
to the development of agriculture and more to urban and rural development, 
to basic facilities for research, and to education. 


What warrants emphasis is that, out of a total of almost $150 billion 

being spent annually throughout the world on research and development, the 
efforts being devoted to the Third World are totally negligible as compared 
to other “traditional” sectors: the $35 billion, for example, being spent 

on the development of military technologies that are still geared to the 
requirements of the 1950's. However, aside from the military expenditures, 
and although the UNCSTD has succeeded in drawing the attention of governments 











to the explosive problems connected with expansion of the underveloped 
countries over the coming decades, the fact cannot be overlooked that 

the research sector is to a large extent in the hands of giant multi- 
national companies with investments comparable to those of individual 
countries. IBM or General Motors have annual budgets that are comparable 
with those of countries like Italy. What responsibility do such companies 
feel toward narrowing the gap whose potential could produce a thunderous 
and unprecedented discharge in the 2000's? It is a foregone conclusion 
that they will do nothing beyond the limits of their own marketing 
interests, and that by their very nature they are incapable of pursuing 
a noncolonialist policy. 


The UNCSTD has perhaps demonstrated, at a rather excessive price, that the 
world machinery does not function at all. Its collective intelligence is 
meager and unpromising. As regards us Italians, we find ourselves already 
dissociated from research at home, and can hardly expect to play any role 
in research as long as it remains a marginal sector entrusted to the 
Christian Democrat who happens to come by: neo-Minister Scalia, in this 
instance. 
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FEDERAL REPUBLIC OF GERMANY 


DFG ANNUAL MEETING DISCUSSES RESEARCH POLICIES, GOALS 
Bonu FORSCHUNG in German No 3, 1979 pp 26-28 


/Article by Hubert Schoene: "Bureaucracy_and Res.arch: Reduce the Distrust. 
German Research Association Met in Bonn" 


/Text] The president of the German Research Association (DFG), 
Prof Dr Heinz Maier-Leibnitz, submitted proposals for the im- 
provement of the relationship between university research and 
the bureaucracy. At the annual meeting of the DFG, which 
took place from 17 to 21 June 1979 in Bonn, Maier-Leibnitz 
reported that, among the many complaints reaching the patron 
of research, those having to do with bureaucracy are at the 
top of the list today. He suggested, however, that the sci- 
entist, too, could play a part in improving this bureaucracy 
if he were just prepared to come up with a minimum knowledge 
and understanding. He indicated that it is imperative to 
succeed in "reducing the gigantic distrust" in the university 
and research domain which exists between the scientists and 
the administrations, as well as among the administrations 
themselves. 


In connection with this, the DFG president mentioned a series of “basic de- 
mands.” He indicated that a planning bureaucracy, without the decisive par- 
ticipation of those who conduct the research, is only harmful. He also spoke 
out against the tendency continually to shift more specific decisions “further 
and further to the top of the hierarchy": “Only if all routine is kept away 
from there does it become possible to deal with the really important problems 
carefully on a high level.” 


The administration, Matier-Leibnitz continued, should help the scientist and 
vdvise him seriously and selflessly. The DFG president described as “deadly” 
the “method, so popular today, of substituting committees for decisions by 
individuals,” at least in those cases “when the participants have no expert 
knowledge, are not well informed, and nevertheless insist on changes." 


Among the most important and pressing tasks, according to Maier-Leibnitz, is 
support for “especially good research.” He expressed his belfef that this is 











what determines the position of German research in the world. Only a very 
small group, “perhaps 1 percent," according to the assessment by the DFC 
president, belongs to the top researchers. In order to encompass this | 
percent, he said, it is necessary to provide special support for 5 to 10 
percent of research. In the view of Maier-Leibnitz, it would be a “good 
slogan" to “attain twice as much very good research” as up to now: Twice 

as much as 5 or 10 percent is not a firancial problem, which also does not 
kill the rest of research even without additional means. However, if there 
is agreement to do this, it is also necessary to recognize very good research 
and to be prepared "to provide support entirely in accordance with the wishes 
and possibilities of the (mostly young) researchers.” 


The federal minister for education and science, Dr Juergen Schmude, spoke out, 
above all, for broad support of the coming generation of scientists. "An 
adequately qualified generation of scientists is a decisive prerequisite for 
an innovation push in research and thus also in the economy and in society,” 
the minister explained. In this connection, Schmude referred to his new con- 
cept, in which the advantages of the support for graduates are to be linked 
with those of the customary training of the rising generation of scientists 
and at the same time its disadvantages are to be avoided. 





In his speech, Schmude challenged both science and politics to come to an 
understanding with precisely those people who, “because of their great aver- 
sion for the manifestations and problems of this civilization, have turned 
away from society." Those who want to solicit from the citizen a new trust 
in regard to the meaning of scientific research, he said, must take seriously 
the concerns of the citizen and take them into account. 


The Saarland minister of culture and president of the conference of culture 
ministers, Josef Jochem, underscored the necessity once again to create a 
“climate friendly to science” among the population. More than ever, he in- 
dicated, the securing of the future depends on productive research. It is, 
therfore, of increased importance, he suggested, to make clear through infor- 
mation what is happening in the realm of science and research. With regard to 
the situation of research at the universities, Jochem remarked that, even under 
the pressure of the tasks of education, a firm place for research must be se- 
cured. The coming years, he admitted, will be difficult for German university 
research, but, he pointed out, this will only be a temporary burden, because 
already now a slackening of the overcrowding of the universities is becoming 
visible. 


The rector of the University of Bonn, Prof Dr Aloys Heupel, called the DFG a 
“reliable partner” of the universities in his welcoming remarks. The support 
of research, he said, benefits not only the researchers but also those who 
are learning and, “in the final analysis, society." 


During the past year, the DFG supported research projects in all scientific 
disciplines with more than DM 700 million. As the just-published annual re- 
port of the DFG reveals, a large part of these means, viz., 41.5 percent, was 














granted through the so-called “normal precedure,” according to “iich every 
researcher can apply for subventions for research projects sely: «i by hin- 
self. A total of 4,278 research projects received a total of DM <92.1 mil- 
lion with the framework of the normal procedure. Altogether the DFG at the 
present time is supporting more than 10,000 projects in all branches of 
science. 


DY 112 million (15.9 percent) was spent for 1,425 research projects vithin 
the framework of the 103 focal programs. Their special characteristic is 
the supraregiona) cooperation of the scientists, who, within the framew *' 
dictated by the overall subject, are free to choose their topic and place 
work. The allowances for the normal and focal program procedure include — 
168 million for the support of large equipment and computing equipment. ‘«». 
DFG supported 21 groups of researchers, in which respectively several scieo 
tists work together in a locality on the solution of a particular research 
tack, with DM 17.7 million. With DM 276 million (32.1 percent), the 105 
special research areas established in the universities »f the Federa\ ®epub- 
lic had «a considerable share in the support through the DFG. They are sup- 
posed to improve cooperation, including cooperation beyond the boundaries of 
disciplines, institutes, subject areas and faculties, as well as cooperati: 
between the universities and research institutions outside the university. 


With DM 10.7 sillion, the DFG last year financed 10 auxiliary research inst!- 
tutions, containing a concentration of high-caliber personnel and apparatus 
prerequisites for scientific and technical services for research. The sc’ 
entific library system was supported in the amount of DM 14.6 million, thr 
cultivation of scientific relations with foreign countries was supported |: 
the amount of DM 15.4 willion, and within the framework of the Heisenbere 
Program for the support of the new generation of scientists the DFG mad 
available 8/7 stipends totaling DM 15.7 million. 





Of the DM 709.6 million available to the DFG, DM 415.1 million came from the 
federation, DM 287.1 million from the Laender, DM 3.8 million from the Asso- 
clation of Foundations for German Science and other private foundations, as 
well as DM 3.6 million from its own income. By comparison with the previous 
year, the budget of the DFC increased by approximately 5 percent. In the 
distribution of the means of support to the individual branches of science, 
the humanities and social sciences, with an increase from 17 percent in 1977 
to 18.2 percent, were in a position to register the largest gain. Now as be- 
fore, however, the biological sciences receive the greatest share of DFG 
funds--in spite of a reduction from 37.1 percent to %6.2 percent. The natura! 
sciences increased their share from 24.5 percent in 1977 to 24.7 percent at 
present. and the engineering sciences decreased their share by 0.5 percent 
20.9 percent. All of the areas of science include environment-related re- 
search projects with a total support sum of DM 39.3 million. 


The 28 senate commissions established by the Senate of the German Research 
Association in the past year, too, fulfilled important advisory tasks for 
parliaments and governments. At the present time, 396 scientists are workine 














in the commissions as members, as well as 46 permanent guests. A large part 
of the DFG-senate commissions concerns itself with questions of preventive 
health care and ervironmental problems. 


In addition to the financial support of re)ations with foreign countries, the 
German Research Association has taken on a series of coordinating and repre- 
sentative obligations in the realm of international scientific cooperation. 
In numerous international scientific umbrella organizations the FRC is repre- 
sented by the German Research Association. The diversity in the support sy- 
stems and research conditions in different countries makes it increasingly 
necessary to facilitate the work of German scientists in these countries or 
the execution of joint research projects through bilateral agreements and 
joint endeavors with partr<er organizations abroad. In Western Europe, the 
DFG maintains agreements wich Great Britain, France, Spain, and Italy; in 
Eastern Europe with the Soviet Union, Bulgaria, Romania, Czechoslovakia, and 
Hungary, as well as with numerous countries overseas. 
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FEDERAL REPUBLIC OF GERMANY 


NEW AREAS, ORGANIZATIONS FOR RESEARCH NOTED 
Bonn FORSCHUNG in German No 1, 1979 pp 30-31 


[Excerpt] Four new special research areas will be instituted at the univer- 
sitiee of Bur “ssen, Hannover and Frankfurt/Maanheim. A resolution to 
this effect s sucpted on 6 December in Bonn by the German Research Society 
(DFG), by w h all spectal research areas in th: German universities are 
financially ed. The four new s~ecial research areas vill deal with 
luk»mia and tumor research (Essen), noise and vibration processes in machin- 
ery (Hannover), microanalytical foundations of social policy (Frankfurt/ 
Mannheim) and “Knowledge and Society in the 19th Century” (Bochum). This 
brings to 111 the total number of special research areas which will be sup- 
ported by the DFC after 1 January 1979. 


The newly instituted special research field, “Noise and Vibration Processer 
in Machinery,” at the Technical University of Hannover wil! be concerned 
with developing methods for the analysis of “dynamic processes” in machin- 
ery and with developing knowledge for the construction of machinery with 
less noise and vibration. The work, which in part was already supported in 
the DFG focal program, “Origin and Development of Noise,” will contribute 
both cto humanizing working conditions and to improving the technical relia- 
bility of machinery. 


Focal Programs Established--From Biology to Criminology 
The DFG Senat« has authorized the institution of seven new focal programs 


for 1979 in vhe fields of biological research, engineering sciences, famiiy 
research and criminology. 


The nucleus of the new focal program in engineering sciences, “Fabrication 
and Behavior of Structural Components,” is the question: Which fabrication 
process, taking account of energy and material consumption, will produce 
‘~ptimal behavior of structural components’? Included ta this is the in- 
provereat of structural-component properties under mechanical, thermo- 
mechanical, tribological and corrosive loads and conditions. 














Questions pertaining to metallurgy, metal science and metal physics are 
central to the future focal program on the “Glassy State of Metallic 
Systems." Metals in the "glassy," or amorphous, state can be produced 
by extremely rapid cooling from the molten state. 


They possess a set of extraordinary properties, such as extreme hardness, 
toughness, abrasion resistence and corrosion resistence, which, combined 
with their simple and inexpensive production, appear very promising for 


future applications in the area of materials and electrical engineering 
fields. 
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FEDERAL REPUBLIC OF GERMANY 


IMPROVED PLANTS TO GENERATE POWER, HEAT DISCUSSED 
Graefelfing ENERGIE in German Nos 8/9, Aug/Sep 79 pp 102-109 
{[Article: "No Competition for Large-Scale Power Plants") 


[Text] They are already here, as long as diesel engines 
drive generators to generate electric power: The power- 
heat coupling. This means that, in addition to the cur- 
rent generated, the waste heat of the engine operated is 
used for heating purposes. However, application of this 
technology of a more economic use of primary energy on 4 
broader scale has failed to date due to the favorable 
prices of this energy, especially of oil. Meanwhile, 
however, the constantly mounting costs have led to a tech- 
nology known for more than 50 years being developed further 
and strengthened for heating of indoor swimming pools, resi- 
dential areas or industrial operations, the unit power sta- 
tion. However, in addition to the ecnomic or political 
obstacles which had to be overcome, there are some feelings 
running counter to a large-scale use in places where the 
facilities would seem to be most logical. 


After probably the greatest obstacle in the Federal Republic had been elimi- 
nated, i.e. the high heating oil taxes on diesel fuels, as they are used in 
combustion engines and gas turbines to generate current or heat, the painfully 
mounting prices for primary energy, especially oil, are motivating the impetus 
towards familiarization with more energy-saving technologies. In addition, 
the government lures with investment participation of 7.5 percent which, with 
regional differences, may amount to one-fourth of the expenditures. 


"We have found," says Gerhard Jockers, head of the project division Unit 
Power Stations of the MAN Machine Plant Augsburg Nuernberg AG in Augsburg, 
emphasizing the present trend, “that power heat coupling systems allow a 
considerable saving in primary energy--more than 38 percent with coupled 
generation--through a high conversion efficiency." The load on the environ- 
ment on the basis of “waste heat™ and emissions equally drops in proportion 
to the possible lower primary energy use, the load through waste heat even 
considerably, because the operating heat can be used to a large extent. 














Basic Technical Concepts 


Power-heat coupling systems are actually nothing new, such as: The counter 
pressure removal or removal-condensation-steam turbine fed by high-pressure 
steam coming from the boiler heated with oil, gas, hard or brown coal. The 
turbine drives a three-phase-current generator, the exhaust steam being used 
as low-pressure process steam or as steam for a heating system. This system 
is the most widespread for industrial generators in Germany as well as in 
heat power plants for district heating. 


A gas turbine in open cycle with a combustion chamber using light oil or gas 
drives a rotary current generator. The hot waste gases generate in heating 
water or process heat in the heat exchanger or waste heat boiler. 


The classical gas turbine/steam turbine Combi process--high-pressure steam 
is generated with the hot waste gases in a waste heat boiler fitted with 
additional heating, in order to drive a steam turbine for removal (process 
steam) or condensation. 


The most economic version, however, is the combustion engine running on oil 
or gas, which drives a rotary current generator. The cooling water, lubri- 
cating oil, exhaust gas and perhaps air charge heat are recovered in the 
heat exchanger to generate low-pressure steam, hot water or hot air. 


"In the last 2 years, decentralized UPS (unit power stations) systems with 
small compact aggregates have prevailed in the Federal Republic (Jockers). 


General Engine Program 





Depending on size and design, the UPS supply indoor swimming pools, residen- 
tial buildings, hospitals, administration buildings and industrial concerns. 
Smaller facilities consist in most cases of three to six aggregates which are 
installed in the vicinity of the heat consumers. The size of the facility of 
the installations to date in operation or under construction varies here be- 
tween 270 kW.) and 2,000 kWe). The heating power amounts with lead of 90°C 
and a return of 70°C to approximately 1.5 times the electrical power. The 
emaller facilities of MAN up to 540 kW,); overall power consist here of 90 kWe] 
gas engine modules. We are dealing in these engines with serial and there- 
fore financially attractive commercial vehicle aggregates in industrialized 
version. 


Selection Scale for User 


Whereas residential areas or swimming pools could be the first to install 
modules, industrial enterprises frequently require individual solutions, such 
as low-pressure or average-pressure steam, hot water, thermal oil or hot air. 
Gerhard Jockers, on the other hand, also offers modifications for the "small 
ones.” "It is our intention also for the engines of the Nuernberg production 
to create a steam solution, as well as engine aggregates for bivalent opera- 
tion (diesel gas). 


10 











When using UPS plants, one proceeds generally on the basis of every operation 
using current and heat in any form, representing a potential customer. fFor 
Karl Hein, technical director of the Heidenheim City Works, we are at any rate 
only at the beginning stages of exhausting all possibilities, he estimates the 
present ‘nstallations at being approximately 1 percent of what would be logi- 
cal and feasible. 


However, as anywhere with technological applications, there are economic limi- 
tations for the use of a UPS, for example in a place where the current require- 
ment for an industrial operation would be far too small compared to the heat 
requirements, because there is no load possibilities for the aggregate from 
current generation in order to even generate heat, but this is not only the 
obstacle to a comprehensive utilization. 


Recovery of Last Terrain 


The UPS technology has not had an easy time finding recognition in the conm- 
wwunal, regional and supraregional electricity concerns or even friends among 
them. Of course, “it cannot be our objective to generate current in private 
industry, and then feed it back into the public network” (Jockers), since 
this would not be very profitable. However, it is possible by most recent 
cartel law, and the EVU are obligated to absorb this excess current from KWK 
facilities, but a desirable “appropriate” remunification will orient itself 
essentially along the fuel costs saved for each EVU in question. The opera- 
tor naturally counts on saving with respect to the current which he can gen- 
erate himself without having to pay for it. 





City works as cross-union groups, such as Heidenheim supplying an area with 
approximately 100,000 inhabitants, purchase only current, gas, water or heat 
and distribute them. Such groups would therefore be predestined as operators 
of UPSs without debating the fact that operations such as paper plants, chemi- 
cal companies and galvanic companies, which also have a high requirement in 
current and heat, become operators and thus self-suppliers. 


The basic idea is only that primary energy is saved from a national economy 
point of view. The waste heat forming during current generation in oil- and 
gas-heated facilities of necessity is available “without cost." Therefore, 
the primary energy which would be needed for heating can be saved" (Jockers). 


The UPS protagonist Hein therefore deals with his colleagues in the other 
city works--with few excep’.ions--quite harshly. His elucidation endeavors 

in cooperation with MAN are not considered concluded by any means: “We must 
never tire of informing, but more institutions must participate. I believe 
that the VKU, the association of communal enterprises, has here a noble task 
of becoming effective." Hein also sees in this a possibility for city plants 
to regain more terrain in independence, which had been lost of the last three 
decades to the supraregional EVU. 
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In this case a MAN Otto gas engine is coupled with a generator and an addition- 
al cooling condenser works as a heat pump. The coolant cools oil and air 
charge and in addition emits heat to the city water heating tract. This tested 
system makes it possible to use 85 percent of the added primary energy. KWK 
facility without heat pump with a total thermal efficiency of 79 percent. The 
facility was amortized in a short period of time. The heating water is further 
heated at first by the engine cooling water and then in the air charge coolers 
and in a wastegas chamber, and emits heat in a cheating battery to the manu- 
facturing process cycle in each case. 


Key: (1) Wastegas (8) Generator 
(2) Hot water approximately 130°C (9) Compressor--Heat pump 
(3) Waste gas - Heat exchanger (10) Cooling water, heat exchanger 
(4) Loading group 5 (11) Suction air 
(5) Consumer (12) Oil heat exchanger 
(6) Hot water max. 70°C (13) Condenser 
(7) Engine (14) Air charge heat exchanger 


City Works as Operators 


Heidenhein can be considered as a model case for installation of UPS, even 
though gas engines are used here, because a gas connection network exists, 
and in 1977 when the first UPS started operation in the “Aquarena,"™ the 
municipal swimming pool, six gas-powered engines at 90 kW,, were installed 
there. A residential area with 283 units is "heated" by an installation in 
module construction of similar size, but considerably improved. However, the 
city works always remain operators of the UPS through a specially established 
subsidiary which keeps accounting with the main plant on gas and heat. 
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This UPS aggregate runs at a power of 2.3 MW el. An installation as it could 
be used in particular in the communal sector, but also in the industrial sec- 
tor, and which in part has already been realized. 


Key: (1) Heat carrier oil heat exchanger (10) Mixing valve 
(2) Air charge intermediate cycle (11) Air charge cooling water 


heat exchanger (12) Engine water 
(3) Tank for cleaning (13) To engine 
(4) Frame 10" container (14) Engine oil 
(5) Engine water, heat exchanger (15) Oil pump for heat carrier 
(6) Consumption water oil 
(7) Heat carrier oil (16) E engine 
(8) Consumption water (17) Water cycle 
(9) To boiler module (18) Engine oil heat exchanger 


[In the city hospital, we also operate a UPS, which has been installed at our 
costs, but we only account for the heat supplied, and that at more favorable 
prices than the hospital could obtain with a boiler, and the current gen- 
erated is taken into our network, which makes the painful evaluation ques- 
tion superfluous. However, this curreat is cheaper for us than that which 
could be supplied by the regional group" (Hein). 








However, we must be fair. Karl Hein emphasizes the legal claim of the conm- 
munal EVU to generate current itself, and that in oppogition to the supra- 
regional EVU would have to be passed on to a private consumer. 


There are, then, two approaches available to us: One as in the hospital or 
in a print shop, where the municipal works operate UPS, but only appear as 
a heat supplier and take the current produced into their own network. If a 
company wants to be a self supplier, it must design its facilities so that 
it “always receives some current so that a recalculation is eliminated." 


However-~depending on opinion--cooperation is conceivable. The UPS operator 
can contribute to assisting in taking care of electrical peak loads of the 
municipal EVU, i.e. at set periods of time. "A partnership power price can 
be agreed upon for this power, which I can use against the regional group 
because I do not have to purchase there” (Hein). 


Possibly the operator does not need at such times the heat generated, but he 
operates the UPS economically and in the partnership's interest. If he does 
not wish simply to lose the heat into the environment, it can be channeled 
without problem into a store. 


Karl Hein sees only advantages when dealing with the use of UPS, regardless 

of whether they are operated by the municipal cross-union group or by an in- 
dustrial enterprise. "What is of interest is that the fact that I cannot fur~ 
nish any current to self-supply must not at all be interpreted in a negative 
vein, for I furnish him more gas and for whatever little current he needs he 
is evaluated by the more unfavorable echelon, so that he purchases specifi- 
cally more expensive current--a chance for compensation for the EVU." No 
wonder the municipal works administration even recommends generating the cur- 
rent oneself if the requirement can be economically provided. "The price of 
ll to 12 pfennigs per kWh can be cut without problem.” 


Design by Heat Requirement 


"A UPS is basically designed according to heat consumption. However, it must 
always be checked whether the necessary electrical requirement exists in 
order to generate the desired heat." (Jockers). And the municipal works 
director seconds: "We must proceed on the basis that no current is to be 

fed back, but it may be a decisive factor in the design that this component 
is taken into account in production.” 


However, it is necessary in any event to make an exact analysis of the yearly 
variation of heat requirement, and to establish an orderly permanent yearly 
duration line, for especially in the room heating sector it is not unusual 

for a yeat requirement ratio of 1:10 between winter and summer occurring be- 
cause of the fluctuating seasonal requirements, which leads both to load and 
regulation problems, and last but not least to an impairment in efficiency 

of heat boiler facilities. With appropriate load characteristics, the mul- 
tiple engine UPS concept proves to be particularly favorable because a demand- 
oriented power adjustment to the assured yearly time requirement variation 
can be run. 
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Optimization calculations have shown that the heat power of the UPS facilitv 
should lie between 20 and 50 percent of maximally required power. The re- 
quirement determined is then distributed over several aggregates and possibly 
an additional reserve aggregate so that a high availability remains assured. 
The following was found for an assumed optimization case (food industry), in 
which the ratio “heat work of the UPS facility to total heat work (UPS + peak 
boiler)" was compared with the ratio “installed UPS power to total heat power 
(equally UPS + peak boiler)": 


In approximately 40 rercent of the heat power installed, the increase in heat 
work from the UPS racility drops compared with the total heating requirement, 
i.e. at 40 percent the optimum of the design is reached. In this case, the 
40 percent of installed UPS power approximately 80 percent of the yearly heat- 
ing work can be obtained with 40 percent installed UPS power. The remaining 
requirement is covered by a peak boiler. 


For depreciation periods of approximately 15 years we obtain great economy. 

The amortizaticn lies for small facilities at three to six years, depending 

on yearly use hour numbers. Such small UPS facilities of up to 1 MWg.) total 
power can be operational after a construction period of 6 to 9 months, which 
provides rapid capacity adjustment to increasing requirements without exces- 
sive tieing up means in the lead (Jockers). 


Diesel or Gas? 


The engines of the UPS and KWK facilities have been constructed preferably 
for operation with diesel oil, gas versions offered by MAN with the "small" 
engines of the Nuernberg manufacture. Whereas gas engines weve preferred 
by municipal operators of smaller UPS's since they often have their own gas 
networks, the point of emphasis for larger KWK facilities of the industry 
ws definitely at diesel engines. 


Average speed MAN four-stroke engines of up to 600 ain can be run in per- 
manent operation at present without any problems with the commercial heavy 
oils (heating oil S). "For engines with the noz!nal speed of 750 and 1,000 
rpm reliable operation is equally possible with a reduced heavy oil viscosity 
by, for example, admixture of heating ofl EL, approximately 10 percent. 
(Jockers). 


To date there has only been slight reason to continue with the development 
of gas engines, especially since gas engine versions derived from diesel 
engine constructions with more power had to be markedly reduced in power and 
are therefore specifically more expensive. However, with the new engine of 
the type 20/27 an aggregate has been developed from the outset which varies 
only slightly from the diesel power, perhaps by only 5 percent. 


The so-called rich gases, such as natural gas with a high content in methane, 
petroleum gases or clear gas must be checked with respect to their “methane 
number’ before the actual engine power can be established, due to the carrying 
knock Limit of the gases. Poor gases, such as coking, blast furnace gas, mine 

















or pyrolysis gases can also be used economically even if only engine opera- 
tion with lower effective pressure and correspondingly reduced power is pos- 
sible due to the lower heating value of these gases. 


However, natural gas has developed into a popular primary energy carrier be- 
cause of the distribution net, which has fanned out continually, and a more 
stable--especially compared to light heating oil--price behavior together with 
the relativeiy assured supply to the Federal Republic. The UPS promoter Jock- 
ers recommends for more uniform load on the natural gas network in summer and 
winter operation “the use of diesel gas-binary engines or, better yet, dis- 
tribution of the facility capacity between approximately two-thirds gas engines 
and one-third diesel engines, since the binary operation is energetically 
somewhat less favorable than operation with only one type of fuel.” 


The comment by City Works Director Hein on this is as follows: "Gas engine 
series were not requested by the operators to the present to such an extent, 
but I look at the possibilities for gas not only in a short-term way because 
of the stable natural gas and dropping diesel prices, but for the future quite 
in general,” but he adds as a limitation, "I would not at present prefer gas 
quite generally, but only give it a real chance, and we shall see which of 
the competing technologies will come out the winner.” 


Psychological Trend Shifts 


Where a lot can happen, as Karl Hein knows. There are always new applica- 
tions for UPS, and he emphasizes that we are really only at the start. There 
are emergency current aggregates needed in buildings or public institutions 
as well as in industrial enterprises, and they show up as complete loss in- 
vestments compared to the UPS. "Possibly their operational readiness is even 
limited by idling." (Hein). 


The UPS would here be more useful, it would without any doubt be ready when 
the time comes because its operationality can be continuously monitored. and 
it generates heat which could at least be used for nonpotable water, and th 
current pays for this facility automatically. It is also conceivable to con- 
sider .he questionable economic feasibility of electrically operated heat 
pumps for smaller households in an entirely different light, i.e. if the 
current generated by a decentralized UPS with far fewer losses operated the 
electrical engines of the heat pumps. Already at present energy experts are 
warning against using heat pumps with electromotors, because the required 
current would become too expensive to safeguard economic operation. It should 
be noted, however, the current would have to be generated in a large-scale 
power plant. In addition, this would mean more power plants. 


Quite generally, the supraregional EVUs do not look upon the "dwarf" UPS with 
any great enthusiasm, they fear for the future realization of their union con- 
cept. The potential power figures for the meaningful use of UPSs cannot be 
discussed out of existence, expectations in Germany are approximately 5,000 
MW. 








However, Karl Hein considers the worries of his colleagues to be exaggerated: 
"I rather think that the large-scale power plant sector would not be affected 
at all. They should look upon UPS installations more by way of an advantage, 
as a supplementation, to ‘ake care of peak coverage in a more economical 
fashion. If we assume 5 “o 6 percent of the total power as UPS power, we 
cannot speak of thie exerting an adverse effect on the total concept.” 


The power plant expert sees here more a psychological reaction. 
Optimum UPS Operation 


The following situation was assumed as an example in a food industry enter- 
prise: Maximum heat power 15 MW, yearly heat requirement 25,000 MWh, basic 
heat load for industry consumption during the work period 2.0 Gcal/h = 2.5 MW 
(th), the remaining heat requirement between day and night is at a ratio of 
70:30. Electrical energy requirement during the night 1 MW(el) maximum, and 
during the working hours 4.5 MW(el) maximum. In the permanent yearly line of 
heat requiremeat determined, the chosen UPS units are entered with engines 
6L 20/27 G per 798 kW (th) and 536 kW (el). Im order to generate the desired 
heat, an appropriate electrical load of the aggregates is necessary, which, 
in the present case always exceeds the minimum heat requirement. A higher 
generation of electrical energy is possible only and logical if the accumu- 
lating excess heat is assured for a limited period of time, and can later be 
consumed. As a rule, in the coupled condition of “power and heat" only so 
much electrical energy can be generated as heat is removed. 


(2) ot, (rw Antes) « F, (pttzenienset- Aten) (MW I) 











Ordered permanent yearly line of heat requirement for food facility. 


Key: (1) heating power (3) Engine unit 6L 20/27 G 798 Kw 
(2) P=F, (UPS component )+ P, (th) 536 KW (el) x 6 = 
= 3,216 MW (el) 


(peak boiler component (MW h) (4) Operating time - Rest of 


(3) = yearly heating requirement 


- operation of production unit 
total facility = 25,000 MW h(th) (5) F, = Yearly heating work 
(3) UPS power 6 units at 798 KW(th) = 2 k boil “ 
= 4,788 MW(th) = 31.92 percent oun er [MW h] 


of total power [Key continued on next page] 
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[Key continued from preceding page] 


(6) F, = yearly heating work 6 UPS units [MW h] 
(7) average number of yearly utilization hours UPS 
(8) Operating time h. p.a. 


The evaluation of this curve with respect to optimization of the total UPS 
power for basic load heat generation is shown in Figure 2. In this diagram 
the ratio heat work W (UPS): W (total) is plotted against the ratio heat power 
P (FHKW):P (total). You will see that, with six aggregates with a heat con- 
ponent of approximately 32 percent, already a portion of 66 percent of the 
year heat work can be covered. At approximately 35 percent of the installed 
heat power, the increase in heat work of the UPS component to total heat re- 
quirement grows, i.e. the curve becomes more level. This bending point is 
the optimum. The lacking heat power is covered with the peak boiler. 


Parallel to this, the economic optimization of the facility can be compared. 
For each aggregate the electrical and heat work p.a. for the yearly utiliza- 
tion hour number in question for the aggregate, which can be read from the 
permanent line, is determined. The cumulative costs of the individual aggre- 
gates for fuel, lubricating oil, spare parts, servicing personnel and main- 
tenance, capital costs (depreciation plus interest) are deducted from the 
cumulative income profits of the individual aggregates (compared to outside 
purchase or conventional generation) from electrical work with different 
evaluation for high tariff and low tariff time, the power price for electrical 
power provided, the heat work, and thus the possible "profit before taxes" 
or the “saving p.a." is determined. With accurate design, the maximum pos- 
sible profit must be attainable if the aggregate number has been previously 
optimized. 
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FEDERAL REPUBLIC OF GERMANY 


FLUIDIZED BED GAS-STEAM POWER PLANT DESCRIBED 
Graefelfing ENERGIE in German Nos 8/9, Aug/Sep 79 p A 32 


[Text] An important component of the development program at the KWU consists 
in new energy technologies, e.g. Combi Power Plants with vortex layer heating. 


Environmental protection is a challenge of our time. It has been taken to 
heart for many years in power plant construction, especially in view of dust 
emissions. For example, modern coal power plants not only operate at high 
efficiency and excellent availability, but also are environmentally accept- 
able: electrostatic filters reach today dust segregation degrees of up to 
99.8 percent. Some facilities already have flue gas sulfur scrubbers. 


However, increased environmental protection is costly, and includes power 
plant construction. To find effective and, at the same time, the most cost 
favorable devices and systems possible for improvement of environmental pro- 
tection is therefore a priority task also in power plant development. In 
this context, the KWU conceives coal power plants with combined gas/steam 
turbine operation in which a technically and economically promising coal con- 
version method is used for environmentally acceptable current generation: 

the vortex layer heating. 


In this method, limestone is admixed to coal, which already largely binds 
the harmful sulfur dioxide (SO,) in the ashes. The costly flue gas sulfur 
scrubbing facility becomes superfluous. The nitrous oxide emissions (NO,) 
are reduced by a relatively low combustion temperature. In addition, the 
low carbon content in the vortex layer allows the use of poorer coal types. 
In addition, the high heat transfer makes a cost-favorable compact construc- 
tion possible. The principle of vortex layer heating is in addition not 
tied to any power magnitude. Large-scale power plants as well as small 
heating power plants should operate with vortex layer heating. 
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Principle of an environmentally acceptable coal power piant with combination 
gas/steam-turbine process, operating on the technically and economically 


promising method of vortex layer heating. 


Key: (1) Purified flue gas 

(2) Steam generator with vortex layer 
heating 

(3) Dust remover 

(4) Steam turbine 

(5) Gas turbo set 

(6) Coal 

(7) Limestone 
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Generator 
Air 

Ashes 
Delivery air 
Condenser 
Waste gases 
Preheater 














FEDERAL REPUBLIC OF GERMANY 


ACTIVITIES OF INDUSTRIAL PESEARCH INSTITUTES EXAMINED 
Fraunhofer Society 
Hamburg ZEIT MAGAZIN in German 19 Oct 79, pp 46-50, 57 


[Text] Contract research provides with industries basic 
scientific knowledge. Practical research is the task of 
the German Fraunhofer Society and of the Battelle In- 
stitute, both of which are celebrating anniversaries 
this year. 


Many years ago I knew noti.ing of the Fraunhofer-Gesellschaft (FhG) 

and when I asked someone whom I thought was an expert: “What's the 

difference between the Max-Planck-Gesellschaft and the Fraunhofer-Geseil- 
schaft?" he answered: “the Nobel prizes are won by Max Planck, and the money 
is earned by the Fraunhofer--or if you wish, the former are the thoroughtb. “ds, 
the latter the workhorses.” 


ihe thing about earning money is quite disto1rced because the Fh is a non- 
profit organization which earns no money and only presents invoices cor their 
costs. But this much is true, in the Max-Planck-Gesellschaft basic research-- 
that is pure science--is carried out, and the Fraunhofer-Geselischaft is 
interested in applied science. 


Uf course the FhG does do research, but it is research pertaining specifically 
to industry. And this is apparently not qui:e so narrowly defined as pure 
scientific research. For this reason, and because the establishment was 

not happy about the arrival of this new research organization at the well of 
state finances, the FhG had a difficult time in the first 2 decades. 


During the last 10 years it has developed so rapidly that no one doubts 

any longer its utility or necessity. It has grown annually by a constant 

10 percent in contract volume. Personnel increased by 5 percent in 1978, in 
the previous year by 8 percent. 











The society is now looking back to its origins on its 30th birthday--like 
the FRG--and has 2,500 employees, including almost 1,000 scientists with an 
average age of 37. They have a budget of almost DM 200 million, of which DM 
130 million comes from contract research. 


There are institutes which stress engineering sciences which are interested 
primarily in improving existing conditions, and problem-oriented institutes 
which concentrate more on innovation and new ideas. The 27 institutes be- 
longing to the FhG are organized into 6 main departments: 


--solid state electronics and information processing 
--system technology and technology transfer 
--materials in construction and systems 
--construction engineering and wood technology 
--procedural and production technology 
--environmental research and environmental technology 


Geographically they are distributed over the entire Federal Republic, in- 
cluding Berlin. 


The primary activity of the FhG is contract research. Two-thirds of its 
research capacity is employed for this purpose. Contract research is per- 
formed for the state--for example in the area of energy problems, energy 
savings and solar systems, furthermore for reactor safety design and environ- 
mental protection. On the other hand, the FhG performs contract research 
with industry. 


Industry is interested in specific contracts and transfer of technology. 

The number of research contracts is in the thousands--large industry on the 
one hand and small and medium-sized corporations on the other hand are al- 
most equally represented. Frequently it is a matter of cost reduction in 

the service industry through employment of microprocessors, but usually the 
objective is an increase in productivity. For example, the FhG developed the 
control software for an automated assembly line of welding robots for the Kuka 
Company under contract to Siemens. The society itself always prepares only 

a prototype, whic is produced by others if it is successful. In this case 
100 other aitomobile manufacturers decided to place orders; the society is 
very proud of this because their development was in hard competition with 
foreign companies. 


hw 
Mw 














The competition is concentrated today primarily on innovation competition. 

The timely mastery and economic utilization of the most modern technology 

is of the greatest significance. And therefore, technology transfer--the 
movement of technology know-how to medium-sized and small companies (which 
represent more than 90 percent of all companies and more than 60 percent of 
all jobs)--is so important. These companies cannot operate their own research 
facilities, they have no planning department or national marketing departments 
and often not even sufficient oversight of market conditions. Therefore 
somebody must analyze the framework conditions of the industry and market- 
place for them. 





Here the activity of the FhG is quite indispensable: innovation advisors 

go to interested firms, determine their innovation needs listen to their plans 
and concerns, consider whether and how they can help them, or put them into 
contact with the institute suitable for them. Since it is often difficult 

for these companies to deal with state institutions to promote research or 

to find their way around the available documentation facilities, the 

Ministry for Research and Technology has set up 16 innovation advisory cen- 
ters in the FRG and instructed the FhC to: 


1. monitor these advisory centers and check their effectiveness 
2. make suggestions on further development. 


Together with the Federal Ministry and Technology (BMFT) the FhG has pre- 
sented a promotion program for research and development projects which assures 
access to research projects for companies whose annual earnings do not exceed 
DM 200 million. At present, 70 such projects are planned by the institutes 

of the Fhc. 


Example: a medium-sized company making pharmeceuticals requested aid from the 
FhG in the development of a blood-pressure meter with electronic display. 

The instrument was developed for DM 150,000. The contracting company is 

now manufacturing 2,500 units at a retail price of DM 200. 


But the institutes of the FhG do not perform contract research alone; 

they also undertake their own research because naturally in their activities 
they encounter many problems and generate ideal which lead to new developments. 
The basic financing for the Fic is “dependent on success," that is, the more 
finances they earn from coutact research, the more the state pays in matching 
grants; the same is true for the government of the Laender where the insti- 
tutes of the FhG are located. The ratio of earnings to matching funds is 
presently about two to one. 


When I thumbed through the annual report for 1978 I saw a photograph showing 
a programmer working with a wand on a screen. I was interested because I 
had already heard of this so I read the text underneath: 





"In a divided microprocessor system connected to a light conductor with in- 
put/output color screen system as command post, for the first time in the 
world photoconductors have been used in rough industrial operations and to 
apply the principal of function-participating redundance to the failure limits, 
and automatic fault diagnosis and manageable repair time was attained." 


Actually I did not understand a word of this and I decided to drive to 
Karlsruhe and Stuttgart, since I was with the FhG, in order to visit several 
of the institutions there and to see whe’ her one could learn at the site 
what has actually been done. In the “Institute for Information and Data 
Processing" in Karlsruhe I saw this particular piece of equipment. What was 
it actually? It is a machine which does not require the operator to pull 
levers and flip switches, but by using a magic wand, called the “light 
stick,” to touch magical symbols and in this way to control complex manufac- 
turing processes. 


The institute has won great applause in developing industrial robots (the 
German expression for this is “flexible manipulation system") and above all 
for sensors, because it is only due to the control possibilities of sensors 
that robots have become so useful. The sensors are able to replace certain 
human capabilities--for example--eyes are replaced by optic senors, ears 

by acoustic sensors and the sense of touch is replaced by so-called tactile 
sensors. Only in this manner is it possible to influence the programed 
assembly line. This may lead to a rapid increase in the numbers of industrial 
robots in the FRG--to date there are only about 600 such pieces of equipment. 


Likewise in Karlsruhe we find the “Institute for System Technology and Inno- 
vation Research" (ISI), whose most important contractor is the public sector, 
above all the Federal Ministry for Research and Technology. But also there 
are state ministries. The first contract deals mostly with the determination 
of development trends and high-risk research which cannot be performed by 
private industry. 


“What questions are you asked by the administration?" 


"Well, for instance if an automobile company wants to know how the market 
will look in the 1980's. What kind of exhaust regulations should be expected 
and what kind of engine: methanol or electric..." 


ISI is developing intense activity in the area of energy savings and solar 
energy. In cooperation with the Institute for Construction Physics in 
Berlin, a large energy study has just been completed there for the ministry. 
At the request of the ISI, the highly interesting demonstration project of 

60 houses equipped with solar technology built within a large new develop- 
ment near Landstuhl in the Pfalz is being carried out. There the most varied 
kinds of solar systems were tested and monitored for 3 years by the FhG. By 
the way, these were the first inhabited houses equipped with solar energy 
financed by state funds, because the test models near Aachen had been con- 
structed only for measurement and test purposes. 
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The most exciting texts, which may be of tremendous significance for the 
future, have been undertaken by ISI together with the “Institute for Applied 
Solids" in Freiburg: The FhG had the contract to develop a high contrast 
display unit for digital clocks. The black numbers on the bright background 
were to be made easier to see. Preliminary conditions: very small energy 
consumption. On the basis of this work the FhG then developed light collec- 
tors to permit the use of solar energy even in cloudy weather to generate 
electricity on a grand scale. 


Experts described the development in this way: “The concept of the fluore- 
scent collector to collect even diffuse sunlight in connection with photo- 
voltaic direct conversion with semiconducter solar cells has been deve- 
loped." Experts consider it possible that thanks to this invention the 
percentage of solar energy will not be only 1 or 2 percent by the year 

2000 as many people believe, but 10 times as much. Prof Adolf Goetzberger 
and his collegues at the Freiburg institute are the only persons in Europe 
who have been working on this solar technology; they have already received 
a U.S. patent, but it will be at least a decade before this technology is 
fully developed. 


You can see just how extensive the work of the FhG is by leafing through the 
long presentation projects and industry contracts. For instance, we find 

at the Instute for Production Technology and Automation in Struttgart for 
1978 the following contract of a total of 150: 


Work out a conception for a manufacturing control system for an electronics 
industry company; improved machine monitoring of an automobile manufacturer; 
layout planning in an armature plant, systems for conversion of assembly 
structures, layout optimization in a furniture factory; conception of a 
grapnal sorting system. 


On the table of this institute I saw an object about the size of two fists. 
"What is that?" I asked. 


"That is a model of an automated belt lock, it is a mechanism which makes 


sure that you don't fly through the windshield when you are wearing your 
seat belt and in an auto crash.” 


Engineer Bordbeck observed the object lovingly, and I asked how much work 
had gone into such a thing--it actually operates quite ingeniouriy and very 
simply at the same time. 


"It took three or four scientists 2 years to construct an automated assembly 
line which spits out these objects in mass production." 


I coulda't believe it. And while I was still thinking about it: "So much 
work to produce such a small thing...," I had the following experience: 

years ago I viewed a newly constructed aluminum factory in Senegal at the 
edge of the jungle. This type of factory looks just as gigantic and confused 
as a refinery, an infinite number of high platforms, rods, staircases. 
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I asked the young French sociologist what the workers who come direct from 
the bush and are trained at the job site think of this civilized monstrosity. 
His answer: “One time one of them said, after he had seen the whole thing, 
from raw material--red bauxite--down to the end product--a white powder: 

‘and all that’ he pointed at the factory, ‘for a little white powder?" 

he said. The Frenchman added: “But from this we can now make pots and 
spoons’. The negro answered dryly: ‘When we need spoons we go into the 
jungle and carve some for ourselves.'" 


The seatbelt blocker and the tremendous expenses needed for its manufacture 
made me curious--I wanted to see this miracle item. It was located in a 
factory of Autoflug Company, which has 700 employees and is located on an 
industrial site near Hamburg. The view was really imposing: an automated 
line of robots 50 meters long with five built-in control stations; 7,000 belt 
locks are manufactured each day. To maintain this assembly line there are 
three highly qualified personnel available who had been trained by the FhG-- 
whereas on the two running assembly lines which were still being worked by 
hand, 16 women were seated who together also produced 7,000 items a day. 


The fact that the robot assembly line produces just as much with fewer 
employees is not the most important facet, bur rather that each individual 
seatbelt block is checked. Previously, only random samples were checked and 
this is no longer sufficient from the viewpoint of the new safety regulacions, 
but it would be much too expensive to do this by hand. Therefore additional 
automobile manufacturers are inquiring about this special seat belt blocker. 
The question about how many people had lost their jobs was answered by the 
company president Dr Sedlmayer with the observation: "None. We have ex- 
panded production." 


"How did you learn of the existance of the FhG?" 
"At the ‘Messe’ in Hannover, and then we turned to it the same year.” 
Even though we can no longer live like that African who carved his own spoons 
--which doubtless represents the greatest degree of freedom--we would have to 
admit nevertheless that for our highly industrialized life style, the FhG 
has become quite indispensable. 
Battelle Institute 
Hamburg ZEIT MAGAZIN in German 19 Oct 79 p 52 
[Text] Contract Thinking Here Too: the Battelle Institute 
Where 25 years ago at the edge of the city of Frankfurt a civic orphanage 
was located, today almost 1,000 scientists, technicians, laboratory workers 
and assistants work for their private and public contractors on the answers 


to practical technical and pathfinding scientific problems. A think tank 
without profit and with many merits. 
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The Battelle Institute in Frankfurt /s an offspring of an American donor: 
Gordon Battelle, (whose father was a ,ighly successful steel industrialist 
ddi not want to be “just the son of a rich man," as he told a friend. After 
he had seen industry and its labor, he became convinced that with a high- 
capacity research institute much could be contributed to industrial develop- 
ment and thus to the well-being of his fellow men. In 1923 he bequeathed 
all his wealth to a foundation (in Columbus, Ohio.) In 1929 they began their 
work. Today this is the largest organization in the United States doing 
contract research and this year it celebrates its 50th anniversary. In 1978 
Battelle had 5,900 employees and a research volume of $294 million. In 

the United States Battelle became the model for a whole series of non- 
profit organizations for contract research after World War II. Since 1952 
the frankfurt institute has been working together with two larger ones in 

the United States and a smaller one in Geneva. In eight main research de- 
partments, which are organized into 30 technical departments, the Institute 
earned an income of DM 66.69 million last year; with brainstorming and develop- 
wents almost 5 million more than last year. Research contracts totaling 
nearly DM 52 million came from the FRG and international authorities in 1978. 
DM 11.2 million came from the Federal Ministry of Defense alone. The in- 
stitute may not inform the public on interesting research results because 

the “customer” does not wish to lose his advantage over the competition (or 
the enemy). Recently the Frankfurt researchers have been working on the 
conversion of solar energy into chemical energy, the development of thin- 
layer solar cells, new potentials for laser surgery and laser chemistry, 

and mathematic methods for large data-bank systems. Another group of spe- 
cialists in testing an automobile paint which repels dirt and one group is 
thinking about hydrogen generation from solar energy. Artificial tooth roots 
have already been tried out in clinical tests; these roots nearly grow into 
the jawbone. Battelle experts have developed hairsprays, nonwoven textiles, 
safe childrens’ seats and the "Fass-Frisch” beer tap system for party kegs. 
Tipp-Ex [correction fluid] came from the Frankfurt laboratories, and the 
xerox copy process from Battelle/USA. 


The Frankfurt researchers provide only vague information about their prices. 
Nevertheless we learn for example that the main department of economic and 
social research of the Battelle Institute received DM 50,000 from each par- 
ticipant in the group project “The quality of life in highly industrialized 
regions of the world"; information about "New payment transfer systems for 
band bank and industry" cost the tidy sum of DM 60,000. 
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FEDERAL REPUBLIC OF GERMANY 


USE OF WASTE HEAT FROM COOLING WATER DISCUSSED 


Graefeling ENERGIE in German Nos 8/9, Aug/Sep 79 “industrielle Energietechnik" 
Section p 116 


[Text] In view of the increasing cost of energy, we are compelled to seek 
further possibilities of effective conservation of energy. But in the 
water cooling process, energy is actually consumed twice. On one hand, 
electric energy is supplied to the cooling towers, to cool down the water 
again; on the other hand, “dormant energy reserves," occurring in adequate 
amounts even in case of slight differences of temperature in the cooling 
water, are allowed to go to waste. The utilization of this apparently 
small source of energy by heat pumps for heating purposes saves a not 
inconsiderable amount of the costs in this sector alone. 


Different Cooling Towers, Different Cooling Problems 


In large power stations, hyperbolic natural draft cooling towers are 
mainly used for the cooling process. Industrial plants apply rather forced 
draft ventilator cooling towers in cellular construction. 


The latter operate mainly according to the crossed or cou -ercurrent prin- 
ciple, i.e., the heat exchange takes place in the following manner: On 
one hand, the air supply is provided laterally to the water trickling down; 
on the other hand, the air current is sucked up in the opposite direction. 


Ventilators as well as the pumps for the spraying fittings of the water 
distribution system of the cooling towers consume some electric energy. 
Furthermore, additional fossil based energy sources are needed to heat the 
plants. In the cooling water, even if the differences of temperature are 
slight, a sufficient amount of energy is still present which could be 
employed for the heating. At this point, the heat pump provides the energy 
yield in case of slight difference of temperature in the cooling water. 


Energy Economy with the Use of Secret Sources of Energy 


A surprisingly large amount of energy may be derived with a heatpump from 
the cooling water, even with very slight differences in the temperature. 
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Flow Scheme of a Cooling Tower Plant with Users 


Key: 

l. full plastic cooling tower 
2 cold water basin 

3 hot water basin 

4 cold water pumps (user) 

5. hot water pumps (cooling tower) 
6. filter 

] different users 

8 fresh water supply. 

9 float valve 

l emergency water supply 

] 


m ©. 


29 


12. 
13. 
14, 
15. 


16. 
1/7. 


18. 
feed regulation/water conditioning 19. 


automatic blow-off/evacuation 
basin heating 

overflow (compensation) 

dry run protection 

(cold water pump) and emer- 
gency water control 

dry run protection 

(hot water pump 

ventilator thermostat 

pump thermostat 

switch —box 














For example, cooling water at 20°C would already suffice, if it were to 
be cooled to 18°C. The resulting energy yield with a difference of only 
2°C provides for heating a transmitted temperature of 50 to 60°C (also 
see Report BT 7/79 “Heat Cheaply with Welding Transformers"). It is then 
no longer necessary to apply conventional heating, except to cover peak 
loads, that is, in winter. 


In summer and in transition periods, the heat pump can supply insufficient 
energy to the heating system. This clearly means savings in fossil fuel. 

Possibly one of the heating boilers may even be superfluous, since heating 

is only needed for peak loads. It is apparent that the use of a heat pump 
here represents a reduction in heating and plant costs. 


Heat pump and cooling towers can be combined into an automatic circuit. 
The advantage of this is that the cooling tower need only be connected 
when the cooling water exceeds a certain temperature. Otherwise the cool- 
ing is taken over by the heat pump, providing thus an economic source of 
energy. 
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FEDERAL REPUBLIC OF GERMANY 


MORE EFFICIENCY, LESS CORROSION FOR COOLING SYSTEMS 


Graefelfing ENERGIE in German Nos 8/9, Aug/Sep 79 “Industrielle 
Energietechnik” Section pp 118-120 


{Article by Heinzgert Ammer: "Corrosion Protection and Costs") 


[Text] Water is the medium most commonly used to supply and remove thermal 
energy. Excess energy is wasted in the evaporation in the cooling towers. 
This causes water chemistry corrosion problems, whose solution means expen- 
diture. In the case of heat production too, suitable water is the prerequi- 
site for reliable operatic .. Simple calculations will permit the selection, 
from the possible processing methods, the procedures which may be applied 
essentially to the available water. 


Water and metals have mutual reactions. This corrosion process requires 
oxygen, which is always available in sufficient quantities in the cases 
considered here. Besides slowly spreading surface corrosion, locally 
concentrated corrosion sites, that is, local elements represent the chiet 
danger for materials. 


Corrosion products increase either at the site of occurrence, or deposit 

on preferred sites. Together with other deposits, coats grow which may 

lead in their turn to intense hole corrosion by formation of aeration ele- 
ments. Hole causing corrosion can also be preprogrammed in a plant by care- 
less planning. Processing measures based on water chemistry as a remedy 

may not only increase considerably the operating costs, but in some cases 
they do not even satisfy the hopes placed in them. As far as possible there- 
fore, only one material, or if this is impossible, at most two materials 
should be chosen, with the insertion of heat exchangers (steel/copper). 


Besides the corrosion products mentioned, mostly the insoluble salts in the 
added water form part of the deposits. By losing carbonic acid, the hard 
carbonate product becomes insoluble and crystallizes as calcium carbonate. 
Alone or combined with rust, it coats the heat exchanger surface and reduces 
the efficiency. In favorable cases, sludge is produced. Through the precipi- 
tation of carbonate and the expulsion of carbonic acid, it is impossible for 
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the water to maintain the constant pH value (buffering). This value then 
rises. But alkaline water in the circulation causes accelerated carbonate 
precipitation in the added water. 


Infection by bacteria and other micro-organisms represent another hazard. 
Under the action of nutrients from air, water and product penetrations, 

the mass of deposits and sludge may increase to a considerable extent. The 
coats confined in a small area may prevent the oxygen supply and thus pro- 
duce aeration elements. In these conditions, for example, if sulfate re- 
ducing bacteria multiply, and very intense corrosions may be induced by 
hydrogen sulfide or sulfuric acid. 


Prophylactic Methods of Treatment 


The selection of the method is based on whether the system concerned is 
open (evaporation-cooling circuit) or a closed one (secondary system). 
Systems which bccause of their construction may be operated without oxy- 
gen (membrane expansion vessels, nitrogen pads) are excluled here. Of 
course, (two circuit) systems which are operated with hydrazine or sodium 
sulfite free from oxygen are included, but only while the temperature 
remains above about 20°C. Systems with a lot of added water because of 
evaporation and intense concentration are treated with relatively small 
amounts of, naturally, highly effective chemicals. In the case of closed 
and half open systems, the principle adopted is that there is, as a rule, 
no loss of water. Hence, a liquid which is practically neutral from the 
corrosion point of view is produced from water and a mixture of chemicals, 
which may also contain small quantities of undissolved components in the 
form of suspension (dispersion). Besides the internal chemical treatment 
with measured quantities of chemicals, external processing methods are 
available. The application of these supplementary measures is mainly decided 
by the cost factor. 


Treatment and Processing Measures 
Table 1 
Measures for evaporation circuits 


Constant desalination 

Dosage of dispersion agents 

Dosage of stabilizing agents 

Dosing of corrosion protection agents (inhibitors) 

Dosage of microbiocide combination 

Dosage of acid 

External treatment. Softening. Elimination of carbonate 
Partial current filtering 
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Table 2 
Measures used in closed circuits 


External treatment similar to that of Table 1, also total desalination 
Dosage of abundant corrosion protection agents 

Dosage of dispersion agents 

- Dosage of stabilization agents 


wh ee 


Effective Protection Against Corrosion 


Prevention of deposits starts with optimum dispersion. These means affect, 
among other things, the boundary surface activity between water and solid 
particles and thus allow them to be carried away through desalination. A 
considerable contribution may Se made to preventing corrosion even by keep- 
ing the surfaces free. Many micro-organisms protect themselves normally 
with sheathing substances and thus complicate the control. Good dispersion 
agents can reach the organisms better and assure the total efficacy of the 
biocide. Cloudy water because of effective dispersing agents indicate 
success, whereas clear waters are in most cases suspicious. 


The stabilization of hardness is carried out with organophosphates now- 
adays, instead of inorganic polyphosphates. They are stable in time and 
do not disintegrate like the latter after a short time into products pro- 
ducing sludge. Higher doses may therefore be used with much better effect. 


Good protection against corrosion implies protection against deposits. The 
main effect is achieved with so-called corrosion inhibitors, representing 
a broad spectrum of mechanisms of action. The known inhibitors include, 
among others, phosphates, particularly combined with zinc. In the case of 
closed systems special molybdenum salts are available today, whose effect 
is similar to that of the chromates used formerly. Boron combined with 
organic film formers also possesses a favorable effect at a suitably high 
concentration. High inhibitor concentrations can only be maintained over 
a long period if the water is either totally free from salts or softened 
completely; a condition occurring commonly in steam boiler construction. 
For example, if in closed circuits, protection against corrosion with 
hydrazine or sulfite is complicated by too low temperature, products con- 
taining boron may be used successfully. 


Water Processing and Cost Estimate 


The basis of all the considerations is the added water available. Closed 
circuits at least theoretically, are filled once and for all with softened 
water and have to receive a single addition of the chemical compounds. 
Losses of water should be compensated by adding the same amount of fresh 
water, and the amount of chemicals calculated accordingly may be added. 
Evaporation circuits require constant addition of water and therefore 
continuous desalination. 


By means of a simple pocket calculator, the most important costs and quan- 
tities of fresh water and measured chemicals may be calculated, as shown in 
the following examples. 
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The figures required for this purpose are indicated in Tables 3 and 4, 
the explanation of the abbreviations is provided in Table 6. 


Table 3 
Water chemistry limits in circulating water (open circuits): 


A without chemicals 
B for example with product KW 1l of the Gruenbeck company 


A B 
carbonate hardness °d 2 18 
chlorides mg/l 100 1000 
hardness °d 60 60 
sulfates, mg/l 500 800 
Table 4 
Added water l 2 
carbonate hardness °d 6 16 
chlorides mg/1 100 30 
hardness°d 20 20 
sulfates mg/l 100 40 
Table 5 


Evaporation circuit--hourly costs, 

Dosage of KW 11 total, content 35 g/s 

Starting values: 104 kcal/h/limiting values according to Table 3B/crude 
water according to Table 4, 2 








sulfuric Partial Total 
Method without acid softening decarbonization 
Water DM/hr 16.74 2.79 2.79 2.79 2.23 
KW 11 DM/hr 3.39 0.21 0.21 0.21 0.08 
Processing DM/hr -- 0.41 ".52 0.28 0.36 


Total DM/hr 20.13 3.41 3.52 3.28 2.67 





Example 1: 


lf we have to calculate the chemical processing costs K,. and water costs 
Key 0) for a total amount of added water to be used, Qe» the procedure 
ss) ’ 


is as follows: 


a4, 








The —— of — &. is — from a. . wy + Qe» in which 
» —_ a/b and Q. x x a/h 
°y * 539000 E 


KH. - KHY 
Since the amount of evaporation is given physically » the amount of 


added water to be treated chemically is estimated according to the 
desalination Q.- 


With Q, = 0.93 a/h, Q = 2.79 a*/h, it is possible then to determine 


K. and Key 0) from the prelimir> ; data indicated in Table 5, as well as 
the followfng assumptions: 
Cost of chemicals P. = 6.50 DM/kg 
Cost of water Py 0 = 1.00 DM/m? 
Cost of hydrochléric acid 
(30 percent) = 0.25 DM/ke 
Cost of sulfuric acid 
(37 percent) = 0.40 DM/kg 
Cost of sodium chloride = 0.25 DM/kg 
Thus the chemical treatment costs (K.) are: K,. = 35 x Q, x Pe. x 107? (DM/h) 
and the costs of water K (Ho) are: Kno) - Q. x °(H,0) (DM/h) 


Further methods are also available for cost reduction, such as acid dosage 
and total decarbonization: 


Example 2: 


KW 11 and sulfuric acid dosage with the following carbonate hardness to 
be adjusted in the added water (KH ) 





KH required 
= G - 18 . gry 
required concentration 3 
The required amount of acid of KH, -KH = 16 - 6 = 10°d = 3.57 mval/l 


x required 


and 3.57 mval H,S0,/1 = 175 g/a? (100 percent) is then 


175 g@ = 370 ml 37 percent H,S0,/m added water 
Thus the hourly desalination is Q = 1.86 x Ns = 0.93 a°/h 
an the required amount of added water is Q. = 1.86 + 0.93 = 2.79 yh 


G 


The hourly costs are to be found in Table 5, Column 2. 


The drawback of this method is sulfate enrichment at the rate of 
515 me $v, /1. Furthermore, automatic pH control is to be strictly 
recommended. 








Example 3: Total decarbonization 
The calculation of the new amounts of desalination and added water gives: 
3 3 
Q. = 0.37 m/h a = 2.23 m/h 


We obtain for the individual costs: 


K, = 16 x 40 x 0.25 x 107? x 2.23 = 0.36 DM/h 

K. = 35 x 0.37 x 6.4 x 107? = 0.08 DM/h 

K, 9 = 2-23 x 1.00 = 2.23 DM/h 
2 


The resu'cs are indicated in Table 5, column 5 


From these calculations, it would be possible to estimate the costs with 
other added waters. 


Table 6 

Qy = quantity evaporated m>/h 

Q. = quantity of desalination n?/h 

Q. = total added water m>/h 

Q, = quantity of water to be softened m>/h 


W, = quantity of heat kcal/h 
KH, = carbonate hardness, crude water °d 
. minimum carbonate hardness °d 


KH equired = 


KH. = limiting carbonate hardness °d 


Hy = crude water °d 
Pe. = cost of chemicals DM 


p = cost of water, DM 


K = costs DM/h 

K. = cost of chemicals, DM/h 
K. = cost of acid, DM/h 

= cost of water, DM/h 


K.” = cost of processing DM/h 
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FEDERAL REPUBLIC OF GERMANY 


INCREASED USE OF ALUMINUM FOR AUTO CONSTRUCTION DISCUSSED 
Wuerzburg AUTOMOBIL INDUSTRIE in German No 3 Sep 79 pp 93-111 
[Article by Waldemar Hufnagel and Alexander Koewius ] 


[Text] The eneray supply is shrinking and raw materials are becoming 
scarce all over the world. In view of these threats, industries, legis- 
lators, and consumers necessarily have the responsibility of keeping a 
sharp eye on the thrifty handling of energy and raw materials, i.e. 
expecially petroleum and metals. Consequently, the reduction of vehicle 
weight today has high priority, even independent of purely economic or 
monetary perspectives. The vehicle weight can be reduced by using speci- 
fically lighter, corrosion-resistant, and recyclable materials. From 
this point of view, aluminum is conspicuous with mechanically stressed 
vehicle structures, and generally also meets overall economic require- 
ments, As compared to components of aluminum wrought alloy, components 

of cast aluminum today dominate passenger car construction, This tech- 
nology has reached a high degree of maturity, Starting from impulses 
created by the safety laws of the U.S.A, and by the first oil crisis, 
automobile manufacturers, in close collaboration with the aluminum in- 
dustry, more intensely researched opportunities of compensating the 

extra weight by light aluminum construction or even reducing the weight 
and therefore fuel consumption, Structural parts of aluminum wrought 
alloys previously were a marginal phenomenon in passenger cars from the 
point of view of quantity, But now they have found increasing acceptance 
with standard production heat exchangers, bumpers, chassis and body parts, 
which must fulfill stringent requirements, Safety-related components of 
aluminum, in the running gear, emphasize strength and corrosion-resistance 
without the need to consider surface protection, With structural body 
parts, shaping and assembly questions as well as the achievement of a 
visually satisfying appeoreene occupy the foreground, A large part of 

the research and development work on the use of aluminum in the automobile 


therefore is concentrated on wrought materials. Consequently, such 
materials will also occupy the center of interest of this paper. 





1. Effects of Light Aluminum Construction on Fuel Consumption, Status 
and Trend of Aluminum Usage 


Light construction is quantitatively a relative concept. It always re- 
quires a reference or comparison point. According to specifications 
published in the U.S.A. and frequently cited there, the use of 1 kg alu- 
minum in automobile construction replaces a total (i.e. as a consequence 
of primary and secondary weight savings) of 3.25 kg iron materials (steel, 
gray cast iron) [1]. European automobiles on the average are smaller and 
more compact, and for such automobiles this figure may be somewhat lower. 
In France, it is said that 2.7 kg iron materials are replaced by | kg of 
aluminum [2]. The secondary weight saving results from the remaining 
vehicle structure, which has not been converted to aluminum, as a conse- 
quence of reduced load from a part that has been made lighter by a material 
substitution (primary weight savings). This secondary weight savings is 
said to be 0.75 kg per 1 kg aluminum, in the U.S.A. [1]. Behles 34 takes 
care of the secondary weight savings by a factor which can lie between 1.2 
and 1.3, and which multiplies the primary weight reduction, in order to 
yield the total weight saving, Primary weight savings by aluminum, as 
compared to iron materials, relative to the weight of the steel part, can 
vary in a broad range from less than 30 percent up to the neighborhood of 
66 percent, i.e, corresponding to the ratio of the densities. However, 

in general it will be found that the primary weight saving from aluminum 
is about 50 percent, a value which is frequently cited as a guide value 

in the technical literature. 


Another rule of thumb says that the average carburetor fuel consumption, 
based on the weight of the vehicle, and presupposing suitable motor power, 
is about 0.7 liters per 100 kg weight and 100 km distance [3]. This 
figure assumes a normal use spectrum (driving in city traffic, on country 
roads, and highways), With 1 1/100 kg-100 km and above [1], this figure 
is clearly higher for pure city traffic, since the acceleration portion 
is here high, the engine is loaded less efficiently than at constant 
speeds, and rolling resistance plays a heavier role. Other measures to 
reduce fuel consumption include reducing the air drag and improving the 
overall efficiency of the drive assembly, But light construction is 
indispensible if the automobile industry, for example, wants to meet the 
U.S.A. directives for reducing the average fleet fuel consumption from 
more than 13 1/100 km before 1978 to 8.55 1/100 km in 1985. Passenger 
cars can be made lighter by reducing the external dimensions - mainly in 
the longitudinal direction. But it is also possible to substitute 
heavier by lighter materials. Iron generally makes up between 70 and 80 
percent of the weight of a passenger car, Although physical reasons 
make it impossible or uneconomical to replace this entire percentage by 
light materials, such as aluminum, For example, the temperatures may 
be too high, as in the exhaust manifold, or severe friction and rolling 
stresses may be present, as in the cam shafts, gears, and other movable 
parts of the drive train, Nevertheless, from a purely technical point 
of view, a considerable potential remains for light construction with 
aluminum. 











Light construction of the type mentioned above, to create economy passen- 
ger cars, is at this time an important consideration in the U.S.A. The 
cars there are becoming a little bit smaller year by year. The use of 
aluminum castings in the drive train approaches more and more to what is 
usual in European and Japanese automobiles. Mass-production use of alu- 
minum is appearing, in ways which are found less frequently or not at all 
in Europe, with present passenger cars. Since 1977, at least one third 
of the passenger cars produced by the domestic U.S. automobile industry 
has been equipped with aluminum bumpers. For two years, the intake mani- 
folds for engines of all sizes have been converted, turn by turn, from 
gray cast iron to aluminum castings. Some car models have brake cylinders 
and brake drums cast from aluminum. The brake drums have a filled-in 
steel ring as a friction surface. The U.S. car manufacturers are planning 
to introduce aluminum cylinder heads. In Europe, these have already for 
some time outweighed the design in gray cast iron. Steering boxes, water 
pump housings, oi? pump housings, thermostat housings, directional con- 
trol valve housing covers, clutch and gear housings, all are more and 
more appearing in aluminum castings. In Europe, this practice is partly 
standard and is partly of significant scope in passenger cars. Cast units 
made of aluminum cost more, especially when the die casting method is 
used. However, in the U.S.A., these extra costs have often been compara- 
tively small, and sometimes non-existent. Aluminum panels in this res- 
pect deserve critical consideration. Various current models today have 
templates and hoods made entirely of aluminum, essentially avoiding spot 
welding (Figure 1). This applies, for instance, to the model series 
"Cutlass" and "Delta" of Oldsmobile, to a Cadillac and a Ford-Lincoln 
model (motor hood), to several Chevrolet and Buick models (trunk lids). 
With these movable body parts (hang-on parts), flexibility with respect 
to materials is in order, depending on the offerings from the producer 

of the semi-finished goods, Furthermore, the air filter housing consists 
of aluminum plate, for at least a part of the Ford/U.S.A. models. The 
like holds for the loading platform of various American station wagons. 
Forged aluminum wheels are special equipment (initial equipment) in the 
U.S.A. With several of its 1979 models, Chrysler introduced a wheel 
welded from aluminum plate formed parts, as a light weight option, in 
order to be able to compensate the extra weight of special equipment which 
the customer desired. 


The major portion of aluminum used in passenger cars, now as before, is 
composed of cast units. Figures 2 through 5 show several typical examples, 
In Europe it has been determined that wrought alloys seldom make up more 
than 10 percent of the total aluminum used in passenger cars. In the 
U.S.A,, the situation is different, and the average figure is about 35 
percent (1977). But th*s value is certainly also reduced by European 
automobiles, e.g, when they are simultaneously equipped with bumpers , 
radiators, forged wheels, and possibly hang-on parts made of aluminum. 

It is traditional to use polishable fiw ne wrought alloys for decorative 





parts with a simultaneous technical fuaction (functional trim), such as 
cover and border strips, radiator grills, headlight housings, and window 
frames; but this practice has declined in comparison to its previous 


popularity. 
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Figure la and 1b. Series 
production of all-aluminum 
trunk lids at Chrysler. 
The manually operated 
tools represent "clinching 
guns" and not the usual 
spot welding guns. The 
geometry of the mechanical 
interlocking between 
external panel and rein- 
forcement panel is shown 
in Figure lb. Crimped 
edge of partially cut and 
drawn panel. 











Figure 2. Aluminum castings for the “light-weight engine” of Dainler- 
Benz for the 450 SLC, 4.0 1, No less than 40 kg could thus be saved 
vis-a-vis the cylinder crankcase of gray cast iron, 


The mass-production of aluminum hang-on parts is not without precedent 

in Europe, e.g.: the body of the Dyna Panhard (France) and of the Mer- 
cedes 300 SL, Figure 6, in the 50s, the motor head with the current 
Citroen models DS and SM. For many decades, the Land Rover has been 
built in the form of an aluminum/steel mixed construction. Current mass 
production of aluminum hoods (Figure 7), trunk lids, and doors (Figure 8) 
of European passenger cars is apparent from Table |. Bumpers are usually 
fabricated from aluminum extruded sections, in contrast to the U.S.A., 
where aluminum plate is also used as the starting material (Figure 9). 
Volvo and Porsche always install aluminum bumpers in thei: ~~ ‘cles. On 
the other hand, a number of manufacturers use aluminum oni, -: safety 
bumpers in U.S.A.-export modeis, e.g, Daimler-Benz and BMW. Another 

area for using aluminum in passenger cars - in the form of thin bands 

and tubes - is represented by the heat exchangers (Figures 10a and 10b). 








Figure 3. Parts of a die-cast automatic transmission of GD-AISi 8 Cu 3. 
Top: gearcase (7 kg), below: torque converter bell (3.5 kg), in the 
foreground: oil distribution plates (1.36 and 0.61 kg). 


Aluminum 011 coolers (e.g. for air-cooled engines) are hard-soldered by 
using a flux. Aluminum water cooling networks are fabricated in a flux- 
less soldering process or by mechanical joining. They are connected 

with plastic water reservoirs. In this form, they have become more and 
more widespread. Aluminum forged pieces in the form of axle control arms 
(Figure 1). wheels (Figure 5), high performance pistons, hinges, disc 
brake calipers, and connecting rods look back on a long tradivion, although 
their use in production vehicles has been isolated. However, production 
application of aluminum forged pieces and extruded sections in the steering 
is of recent origin, Figures 12a and b. 











Figure 4. Steering axle of a Porsche 91l. Top: former design, a 
varnished welded steel assembly. Below: the version made of chill 
cast GK-A1Si7 Mg wa. Savings could be made of weight and construction 
costs. About 30 percent in weight was saved, while the strength was 
improved. 


Table 1. Examples of Present Standard Production Cars With Hang-on 
Body Parts of Aluminum (Remaining Body of Steel) 
































Pie Typ ( , M " r | Kollerrsum- | Toren 
l haube deckel brw 
(2) Heckklappe (3) (4) 

Porsche 928° . . 

DB 4$0 SLC so x x 

Mercedes 300 SD , . 

nit Turbolader (5) 

L'SA-Euport) 

er SC | 

— - NS ee ee eee 
v ~ ce ‘Reniiley x |" 
"4 ndeaecs Kesha ve! - a) ateton (6) 
Key: 

1. Automobile type >. Mercedes 300 SD with turbo- 
2. Motor hood charger (U.S.A.-export) 
3. Trunk lid or rear flap 6. Fenders also of aluminum 
4. Door 
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All-aluminum body of the Mercedes 450 SCL made in the 50's. 





re 7. Aluminum hood of the Mercedes 450 SLC 5.0 1, 











Figure 8. One of the two doors of the Porsche 928, examplary for the 
utilization of wrought aluminum alloys: external pane! of AlSi 1.2 Mg 0.4 
(not according to DIN), inner panel of AlMaMn (refer also to Table 2). 


Information concerning the status and application trend of a particular 
material in a defined area, such as passenger cars, is of interest to 
automobile and parts manufacturers just as to material and semi-finished 
goods manufacturers. Complete knowledge concerning the application status 
of aluminum in passenger cars would imply knowledge not only of the total! 
fraction of aluminum materials per model series and equipment variant, 

but also the average value of the totai fraction, based on production 
figures, as well as knowledge of which parts were manufactured in which 
alloy and according to which process. Furthermore, it is also interesting 
how much the individual aluminum part weighs, and how often it is used 

in a vehicle; it may also be of interest to know which surface treatment 
was applied for whatever part is used without surface protection. In view 
of the large number of automobile types produced in Europe or even just 

in Germany, and in view of the abundance of parts in standard production 
passenger cars, which today always or very often consist of aluminum, it 
is very difficult and time consuming to obtain complete information in 

the above sense. The relevant data on individual parts are generally 

not so simply available in the automobile industry. According to the 
authors’ knowledge, no European passenger car manufacturer maintains an 
electronic data bank for the materials used in his vehicles. Thus the 





following data are based only partly on precise knowledge, but for the 
rest are based on estimates. 





Figure 9a through d. Variations of the bumper bars for American autos, 
either complete’y or partially of aluminum, Figure a: face bar with 
inserted rubber moulding of extruded aluminum sections. Surface: high- 
gloss anodized or chromium-plated. 6: aluminum bumper bars of plate 
material, painted or plastic laminated. c: back-up bars of aluminum 
plate, behind a chromium plated steel-cladding. d: bumper bar of ex- 
truded sections with a chromium-plated stee! cladding. 


According to statements . pmerican aluminum industry, the average 
aluminum portion in U.S.A. p. .onger cars has been rising for decades, 
Figure 13. In recent years, the rise has been very steep, and this will 
probably be continued in the near future; the reasons for this increase 
were described in the introduction. In 1976, the average aluminum por- 
tion used in Japanese passenger cars was estimated at about 30 kg. Cor- 
responding estimates in Europe range between 30 and 40 kq (France, Ger- 
many, Italy, England). 














Figure 10a and b. Transmission oi] cooler (0.25 kq) and lubricant 
ooler (1.2 kag) of aluminum (Figure a), water cooler with aluminum 
radiator welded without flux, and plastic water tanks. 





jure ll, Track control arm of the Mercedes front axle. On the right: 
in aluminum forging AIMgSi | F 31, weight 0,56 kq, On the left: con- 
ventional counterpart of stee!, weight 1.14 ka, 
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Figure 13. Parameter for the share of aluminum in American autos (the 
shaded part shows estimates for the future). 


Fey: 1. Average aluminum fraction per car 


The aluminum portion varies considerably, both absolutely and relative 

to the weight of the empty vehicle. This is apparent from Figure 14, 

for German passenger cars. The proportion of aluminum is especially high 
with sports vehicles and luxury vehicles. The Porsche study, “Long-term 
Auto" assumes that it is sensible to use 35.7 percent aluminum materials, 
relative to the empty vehicle weight, for a car with a twenty years’ use 
time. 


2. Aluminum Materials Customary in Present Automobile Construction 


Light aluminum parts in cars must satisfy requirements from various 
directions. In the case of radiators, the emphasis is on resistance to 
corrosion. In the case of safety parts in the running gear, the emphasis 
is on strength, rigidity, plastic deformation capacity under overstresses, 
and resistance to corrosion without surface protection. In the case of 
bumpers, the emphasis is on strength and a decorative exterior. With 
hang-on parts, their function requires strength, rigidity, and - for 
visible parts, a visually appealing surface; the manufacturing technology 
emphasizes forming and assembly questions. With respect to these cri- 
teria, aluminum differs from steel. The implications of these differences 
as regards design and mass production is the subject of broad-based 
research and development in industries and universities. See also [4 
through 6]. 











Wrought and cast materials of aluminum are presently available for 
automobile construction. Their properties form the starting point for 
all design and manufacturing considerations. Tables 2 through 7 indi- 
cate a typical selection corresponding to the present status of use and 
development. These tables contain values for tensile strength R_ (pre- 
viously called og in DIN), the 0.2-limit R (previously called o 2 
in DIN) and the elongation and rupture A (Bhebious ly 5). These form’ 
three categories and are shown accordingly: 


Minimum values after DIN are under] ined 

Minimum values (by themselves) according to other standards or 
according to manufacturer's specifications are not specially 
identified 

Approximate values (typical values), which therefore are not minimum 
values, are placed in parentheses. 


Panels or strips for the body are delivered in the “soft” condition (0), 
in as much as non-hardenable aluminum alloys are involved. They are 
delivered in the “cold-hardened" condition (T 4) if hardenable types are 
involved. The strength of the finished body part, however, is not gener- 
ally identical with that of the panel in its delivery state. Depending 
on the deformation during deep drawing and depending on the duration and 
magnitude of the enameling temperature, the strength will be higher. With 
hardenable alloys, the strength can approach the values of the “heat- 
hardened" condition (T 6). 


The elongation at rupture A as well as the characteristic values for 
deep-drawing capability r and n are reference values, which permit an 
initial comparison with respect to deformation behavior. The actual 
deformation behavior, e.g. with deep drawing, can only be determined on 
the actual part. 


The minimum values for cast alloys are cited in accord with DIN 1725 Part 
2. They were determined by means of separately cast specimens. Under 
favorable casting conditions, and with appropriate efforts during casting, 
these values can be reached or even exceeded in the actual casting or 
parts thereof. 


Table 8 provides a supplementary overview concerning the most important 
aluminum wrought alloys, with DIN standardization, which are available 
for use in vehicles and supporting parts generally and also in other 
technical areas (e.g. machine construction), A relationship between 
Strength characteristics, according to DIN, is also given here, 


3. Delivery Forms 


Wrought aluminum materials are used almost exclusively as semi-finished 
goods. By this term is to be understood: rolled products, extruded 
products, forged pieces, and drawn products. 








Table 2. Body Sheet Metal of Aluminum Alloys 
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1 Simulation of deep drawing and burn-on enameling. 

2 According to American data. In the U.S.A., other directives are 
applicable for the test rod measurement, and the measured elongation 
at rupture depends on this test rod measurement. Consequently, this 
value is in general only conditionally comparable with As (after DIN). 

3 According to memorandum T9 of the Aluminum Association of New York, 
edition of 1977. Other literature references cite 240 N/m2. 
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Key: 
Type 


AlMg and respectively AlMgMn 
Designation after 


DIN 1725 Part 1 

International iron register 

Company designation 

Condition of the metal sheet 

Strength characteristics 

Examples of application with standard production vehicles 

Cold hardened 

After enamel has been burned on 

10 percent stretched plus 1 h; 177°C 

Heat hardened 

Soft (0) 

Soft 

10 percent stretched, plus 1 hr; 180°C 

63/44 (about AlMg 5 after DIN) 

U.S.A.: trunk floors, cargo floors with station wagons, external 
coating of whole aluminum, engine hoods, parts in the truck cabin 
(alloy 2036) 


en 
on onuvflwnhreoweow OD uw & Ww Ne 


19. GB: trunk lids and engine hoods, other body parts with exclusive 
or cross-country vehicles (2002 or respectively 2117) 

20. Germany: no application at this time 

21. Germany: body parts with sports cars and luxury cars 

22. U.S.A.: parts in the truck cabin (spot welded) 

23. U.S.A.: deep drawn parts in cargo floors and truck cabins (5182, 
5052 and 5251), interior reinforcement of engine hoods and trunk 
lids (5182) 

24. Germany: heat shield for exhaust (5052), internal reinforcement 


plate (AlMg 5) 


3.1 Rolled Products 


Depending on the manufacturing method, a distinction is made between hot 
rolled and cold rolled sheets and strips, as well as aluminum foils 
produced on special rolling mills (thickness 0.007 mm to 0.020 mm). 
According to official statistics, the latter do not count as semifinished 
goods. 








Table 3. 





Wrought Aluminum Alloys for Body Sheet Metal, Characteristic 


Values for Deep Drawing (Approximate Values) 

















Typ Beze.chnung Zustand Kennwerte fur de Tiefzseh- 
(1) | (sehe Tafel 2) (3) | fahigke (4) 
(2) r-Wer(5) | o Wert (6) 
AiCuMg "| AlCe 2 Mg 05 at). a7! 024 
2002 ret ) | 063 025 
20% (T 4) 075" 023 
X 2037 070" 0.24" 
AlIMgS: Antcorodal a 06 025 
120 tet 
6009 (T4) 0,70" 02) 
6010 070’ 022’ 
AlMg brw.| 5182 weich (8) | 020" 0,33’ 
AlIMgMn | 5182 SSF? (0) 067" 031" 
oes 070 023 

















1 According to memorandum T9 of the Aluminum 
Association, New York, Third Edition, 


January 1978. 


2 SSF = " Stretcher Strain Free” 


Key: 
Type 


Condition 


wre 
> oF . 


drawing 


Designation (see Table 2) 


Characteristic values for deep 


ono uv 


r-value 
n-value 

Cold hardened 
Soft 


For automobile construction, only cold rolled sheets and strips in thick- 
nesses from 0.35 mm to 5 mm are practically relevant; besides sheets for 
special aluminum alloys, which were developed for automobile bodies and 

which are not standardized, there are also sheets of various standardized 
materials (pure aluminum and aluminum alloys). 
values for their mechanical properties (see Table 8). 





DIN 1745 Part 1 specifies 
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Figure 14. Share of aluminum in German autos. Data furnished by the 
manufacturing companies are evaluated. 


Key: 
l. Al fraction in the car 3. Al fraction as percentage of 
2. Weight of empty car empty weight 

4 Porsche 


] 911 (Targa), 1976, empty weight 1120 kg 

2 930 (Turbo), 1976, empty weight 1195 kg 

3 928, 1977, empty weight 1450 kg 

All Porsche models with disk wheels of aluminum 


© BMW, 1978 

316 (empty weight 1020 kg) and 318 (empty weight 1030 kg) 
518, empty weight 1240 kg 

320 (empty weight 1115 kg) and 323i (empty weight 1135 kg) 
520, empty weight 1310 kg 

525, empty weight 1350 kg 

5281, empty weight 1410 kg 

728, empty weight 1530 kg 

733i, empty weight 1600 kg 

630CS, with aluminum disk wheels, empty weight 1450 kg 
633CSi, with aluminum disk wheels, empty weight 1470 kg 


—SOnm4y nw wv — 
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Mercedes, 1976 


wm ewh 


200, empty weight 1340 kg 

200 D to 240 D, empty weight on the average 1380 kg 

280, empty weight 1455 kg 

350, empty weight depending on equipment 1650 to 1810 kg 
450 SEL with automatic transmission, empty weight 1765 kg 


VW/Audi 


1 


Golf N. 1977, average empty weight 790 kg 


Ford Germany 


1 
2 


Ford Taunus, 1976, average empty weight 1070 kg 
Ford Fiesta, 1978, average empty weight 720 kg 


Opel, 1976 


on Oo eS wh — 


Kadett with 1,2-liter motor empty weight 840 kg 

Kadett GT/E 4-speed empty weight 915 kg 

Ascona, 1.2-liter empty weight 900 kg 

Manta GT/E, r-speed empty weight 1020 kg 

Rekorc Diesel empty weight 1240 kg 

Commodore GS, 2 .8-liter empty weight 1265 kg 

Commodore GS/E, 2.8-liter empty weight 1265 kg 

Admiral/Diplomat, 2.8-liter only with automatic transmission 1540 kg 


Porsche Study “Long Term Auto" 
Version with maximum aluminum portion 
empty weight 824.5 kg 

















Figure 15. Diagrammatic representation of the extrusion process 


3 recipient © block 

b inner bushing f tool holder 
Cc ram 9 tool with die 
d die h section 


Besides smooth-rolled sheets and ribbons, the following are also available 
for certain applications; 


Sheets with rolled-in designs (pattern sheets). These comprise not only 
sheets with rolled designs according to DIN 59605, which are used as 
anti-skid covers, but also sheets with unstandardized patterns (e.g. 
hammer stroke, course grain, finely corrugated). In the case of pattern 
sheets, the designs are usually produced at room temperature by means of 
stamping rollers. This requires large deformations in a single rolling 
pass. Consequently they can be fabricated only from easily deformable 
materials (pure aluminum, AlMn, AlMg 1) and with limited widths. 


Sheets with round and trapezoidal corrugations are produced on rolli 
formers by bending deformations, They can also be delivered with smaller 
corrugations than are usual for roof coverings and wall facings (starting 
thickness 0.4 mm to 1,5 mm). They are suitable for use in special parts 
and for storage space coverings in station wagons. They are available 
from stock from the alloys AlMn and AlIMn 1 Mq 1. If there is heavy demand, 
they can be produced from practically all aluminum alloys. 


Baked ename! aluminum sheets are enameled as strips on one or both sides, 
in a run-through process, Optimum face surface 1; atment and utilization 
of high grade coatings permit bending deformation and to a limited extent, 
deep drawing and hollow stamping of parts manufactured therefrom as well 
as the production of roll-formed sheet sections. 


Bonded aluminum-plastic is avaflable as sheets with one-side coated by 
a plastic film, and as “sandwich plates” with a massive polyethylene core 














Table 7. Castings of Aluminum Alloys in Cars 
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1 American designation, i.e., no alloy number of the smelting plant. 
2 Meaning of the numbers: 


l cylinder head i3 pistons 
2 camshaft housing 14 housing, clutch 
3 cylinder head bonnet and cover 15 housing parts, manual trans- 
of camshaft housing mission 
4 cylinder block and cylinder 16 converter bell (automatic 
5 crank shaft housing and lower transmission) 
part 17 housing parts, automatic trans- 
6 oll pan mission 
7 wheel box cover 18 steering housing 
8 housing, water pump 19 track control arm for axle 
9 housing, oil pump 20 disk wheels (sometimes standard, 
10 housing, fuel pump sometimes optional) 
l housing, injection pump 21 disk brake caliper 


12 intake pipes 
3 Corresponding to the requirements for engine operation. 


Key: 
0. Type 
l. Designation according to 
la. DIN 1725 Part 2 
2. Alloy oumber of the smelting plant 
3. Firm designation 
4 Type of casting 








Condition 

Strength characteristics 

Characteristics 

Application examples for standard production vehicles 
Sand casting 

Ingot casting 

Pressure casting 

Casting condition 

Heat hardened 

. Very well castable, very good corrosion resistance 

d. Very well castable, adequate corrosion resistance 

.6. Very well castable, heat resistant 

17. Excellent castability, heat resistant 

18. High strength, high wear resistance 

19. Hig. strength and toughness, good corrosion resistance 
20. High trength and corrosion resistance, very well castable 
21. High heat resistance and wear resistance 


“owen om uw 
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and covers of aluminum. Sheets coated with a plastic film on one side 
can be formed to a limited extent like sheets with baked-on enamel. They 
are suitable for inside equipment in vehicles and also for areas in spe- 
cial bodies. Aluminum-plastic sandwich plates (deliverable in thicknesses 
of 3 m™m to 8 mm) can be designed with patterned, baked enamel, or plastic- 
coated cover sheets. Their deformability is limited to bending deforma- 
tions with large radii in only one plane. The bending radius that can 

be achieved without instability can be reduced by slight heating. 


3.2 txtruded Products 


In contrast to steel, tubes, rods, and sections of aluminum are not rolled 
but are produced by extruding. The principle of extrusion is explained 
in Figure 15. The pressing die (female die) has a special design. The 
mandrel for forming the cavity in the female die for the outside contour 
is fastened through two or more arms (bridge-type or chamber type dies). 
In this way, extrudable aluminum alloys can be fabricated as extruded 
sections with complicated cross-sections and numerous cavities. This 
makes available sections with cross-sections that are ideally suited for 
their purpose. Besides a supporting function, they also can have channels 
for air conditioning or cavities for mounting line systems (e.g. cable 
trees or pipelines). They permit efficient connection of sheet parts 

with various attachment methods. 


Segments of aluminum extruded sections make possible the efficient produc- 
tion of housings (e.g. for starters and generators, for fuse and relay 
boxes), cam hubs and similar components. 


DIN 1748 Part 3 provides directives for forming extruded sections. DIN 
1748 Part 4 specifies the permissible tolerances, The values specified 
there can be significantly reduced for certain dimensions, upon agreement 
with the extrusion plant. With simple sections, it is also possible to 
“calibrate” by drawing. 





Table 8. Minimum Values for the Mechanical Properties of Senifinished 
Goods Made of Aluminum and Aluminum Alloys According to DIN 
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Footnotes: 


1 Abbreviation according to DIN 1700, including material oumber according 


to DIN 17007, 

Suffix number for condition according to DIN 17007. 

Condition designation according to DIN 1745 through DIN 1749, always 

Part 1 ("PF number"). 

“4 The suffix number for the condition according to DIN 17007, for forged 
pieces, is .41 for cold hardened and .61 or .62 for hot hardened. The 
conditions are designated as follows: 


2 
3 








- According to DIN 1700, by an identifying letter for the delivery con- 
dition with a number to identify the guaran'e«cd minimum tensile strength. 
This number corresponds approximately to oue-tenth the tensile strength 
in N/mm?. Identifying letters are the following: W = soft annealed; 
F = hot or cold formed (e.g. rolled, extruded, forged, drawn); G = 
reannealed from a preceding higher cold hardening. 
- According to DIN 17007, by a two-digit suffix number, e.g. .07 = hot 
rolled; .08 = extruded or forged; .10 = soft annealed; .22 = eighth hard; 
-24 quarter hard; .26 half hard; .28 three-quarters hard; .30 = hard; 
.31 = hard, reannealed; .32 = extra hard. 
The following odd numbers designate the same condition, obtained by 
reannealing from a state with higher cold hardening (.27 = half hard, 
reannealed). .41 = cold hardened without straightening, .51 cold 
hardened with straightening, .61 and .62 = heat hardened without 
straightening, .71 and .72 = heat hardened with straightening. 

2 Tubes 

6 Rods 

Key: material 

sheets, strips (DIN 1745, Part 1) 

tubes (DIN 1746, Part 1) 

rods (DIN 1747, Part 1) 

extruded sections (DIN 1748, Part 1) 

drop forged pieces (DIN 1749, Part 1) 

abbreviation 

material number 

condition suffix number 

0 condition designation 

thickness up to 

12 tensile strength vi ‘og min, 

i3 0.02 limit R J min, 

14 elongation po.0e 1 0.8 and rupture A. (5,) min. 

‘5 Status designation 

16 dimension 

17 ~=— rods 

18 thickness of tube wal! 

19 round, square, hexagonal 

20 rectancie thickness max 

21 ~tensile strength " (og! min. 

22 0.02 limit R 5 min, 

23 elongation 92:9 0.2" ang rupture A, (S¢) min. 

24 =status designation 

25 ~=s thickness 


uk wh — 


ta OO ~~ oO 


26 ~=s tensile strength Rm Op) min. 

27, 0.02 limit Rin op (Tq >) min, 

0 »7 aati p ° . A fs ; 

2 elongation and rupture A, ( ¢) min, 
29 Status designation . 

30 thickness 


31s étensile strength Rm (Sp) min 
min 
and rupture A. (5¢) min. 


3200.02 limit R 


» (Sm ao) 
33. elongation po.0¢ 0.02 








Extruded sections have the same cross-section over their entire length. 
Notches or penetrations, however, can be fabricated very simply. 


Aluminum extruded sections can be produced with specific weights of 0.0} 
kg to about 70 kg per meter; the largest feasible cross-section must be 
inscribable in a circle of 500 mm diameter or in a rectangle 600 mm x 
150 mn. 


Extruded sections with cross-sections that are specially matched to 

their use function are produced only on special order. They are reserved 
for the purchaser, who generally bears part of the costs of the dies. 

This provides a certain inventor's protection even for cross-sections for 
which no protective rights have been claimed. Compared to forms and tools 
for producing other formed parts, extrusion dies, however, are relatively 
inexpensive; efficient production is possible beginning with quantities 

of about 1000 kq per cross-section. 


Extruded sections are predominantly manufactured of hardenable alloys. 
Immediately after solution annealing and quenching, they are straightened 
by stretching. They are consequently virtually free of internal stresses. 


3.3 Die-Forged Pieces of Aluminum 


Compared to parts fabricated as extruded sections, cast pieces, or sheet 
goods, die-forged pieces have tne advantage that their fibers can be 
oriented in accord with the direction of the principal force. Design 
guidelines for aluminum die-forged pieces are given in DIN 1749 Part 3, 
Permissible tolerances are specified in DIN 1749 Part 4. Special agree- 
ments with the manufacturer can specify deviations from these standards 
for die-forged pieces, as regards smaller wall thicknesses, radii, drafts, 
and dimensional tolerances. 


Experience with highly stressed die-forged aluminum parts is available 
from the aerospace area and from the area of special vehicle construction. 
In automobile construction, die-forged aluminum parts are already being 
used for various purposes, including safety parts. 


Sintered aluminum parts produced by powder metallurgy (sintered form 
parts) can be fabricated with relatively high density. 


Uther processes have been developed to fabricate sintered parts of ty 
AIMgSi and AlCui‘g alloys. After sintering, hot pressing (calibrating 
and hardening, these parts achieve minimum strength characteristics of 
die-forged parts of comparable dimensions. The elongation at rupture, 
however, is generally lower than with die-forged parts. 








3.4 Drawn Aluminum Products 


These essentially comprise drawn tubes according to DIN 1746 (dimensions 
and permissible tolerances according to DIN 1795 Parts 1 through 3), rods 
according to DIN 1747, and wires according to DIN 1790. Drawing improves 
dimensional precision. Furthermore, the associated cold hardening can 
significantly improve the strength of semi-finished goods made of non- 
hardenable alloys. Machinability is also improved. The starting form 
for drawn products - with the exception of wires - is always an extruded 
product; however, wire can also be produced from extruded starting forms 
(press wire). 


Extruded profiles with complicated cross-sections can be drawn to improve 
dimensional precision; as already mentioned, this is done only in excep- 
tional cases. The advantage of complete freedom from internal stresses, 
which is achieved by stretching the straightened sections may here be 
partly lost. 


In the case of sections which are produced from sheet ribbons by the 
slide-draw-bending process (DIN 8586), or in the case of strips which are 
produced by drawing through a forming tool (forming bell), no drawn pro- 
ducts are involved, since there is no reduction of thickness. 


3.5 Bondings of Aluminum with Other Metals, of the Type of Semi-finished 
Goods 


Besides the above-mentiond bondings of rolled aluminum parts with plastic, 
surface bonds between aluminum of various compositions and with other 
metals are also possible. Table 9 provides a survey of deliverable bond- 
ings and their applications. Besides the possibilities listed there, 
partial bondings between aluminum with other metals are also possible by 
flame, arc, and plasma spraying. Steel strips can be coated with alumi- 
num by roll-cladding. Steel sheets can also be coated with aluminum by 
hot aluminizing (deep aluminizing) or by sintering on aluminum powder. 
Such materials have proven themselves in exhaust systems. 


4. Forming of Semi-finished Aluminum Goods 


The following explanations are limited to forming work in automobile 
construction, by bending, deep drawing, or embossing. 


4.1 Bending 


The composition and the grain structure determine the smallest bending 
radius that can be achieved without cracking, But the causative relation- 
ships are very complex. Thorough scientific studies have uncovered 
correlations, but these are valid only for narrowly restricted areas. 
Empirically found values for the smallest bending radii that can be 
achieved without fracture, when cold-bending sheets, tubes, rods, and 








sections of pure aluminum and aluminum alloys, are given in Table 10. 
With tubes and sections, it is presupposed that measures will be taken 
to prevent deformation of the cross-section (support mandrels, fitted 
with sand, or low-melting alloys, bending wood, laminated steel sheets, 
etc.). 


With sheets of pure aluminum and AlMn in the soft state, 180 degree bends 
(double-overs) with zero radius can be achieved. 

Table 9. Survey of Deliverable Bondings of Aluminum Alloys With Aluminum 
and Other Metals 


























Plenierecrt | Walz- | Strang Spreng | Verwendung 
stoff platueren | preiplai | platuecren 
(1) | (2) | meren(3) (4) (5) 
ALS x , Korrosonsschutz, auch (1 2 ) 
Al 99.98 katodischer Schutz oder 
AlZa | verbesseric Reflexion 
AIS: x - louplatwerte Bleche far (] 3) 
Hartlot. (6) Warmeausiaun her 
Zn leg 
AlSe (7)j) x - Gleitlager, meist aul §= (1 4) 
Lagerieg Stahiructken 
Bandstabl x - - Al auf Bandstahl, (15) 
(8) dekoratve Obderflache, 
Korrowonsschutz 
Kupfer (9) * x x? Zwischenlagen bei ver- ( ] 6 ) 
schraubten Stromschie- 
nen aus Al und Cu, kup 
ferpiatuerte Al Strom- 
scthenen, SchwesBdber- 
gangssiucke Al-Cu 
Stablblech * - x? SchwesBubergangssiucke 
(10) ALS (17) 
austentischer | =’ x * Schwenbuber gangssrucke 
CrNv Stahl Al-CrNr Stat, Koch- (18) 
(11) geschurr, Stromabneh- 
mersctienen 

















x = running production; - = not tested. 

l Possible, but not in demand or uneconomical. 

2 Partial plating also possible. 

3 No production in Germany (known for certain 
only in the U.S.A.) 


[Key on following page] 








plating material 

ro!l plating 

extrusion plating 

explosion plating 

application 

AlSi hard solder, Zn alloy 

AlSn stock alloy 

ribbon steel 

copper 

10 =steel plate 

1] austenitic CrNi steel 

12 corrosion protection, also cathodic protection or improved reflection 

13. solder plated sheets for heat exchangers 

14 slide bearing, generally on a steel back 

15 Al on ribbon steel, decorative surface, corrosion protection 

16 intermediate layers with screwed on bus bars of Al and Cu, copper 
plated Al bus bars, welded Al-Cu transition pieces 

17. welded transition pieces Al-Stee! 

18 Al-CrNi-steel welded transition pieces, cooking utensils, bus bars 


~~ 
BANANAS WNU—F 


In mass production, strongly articulated extrusion profiles are bent on 
stretching and bending machines, They are formed while the cross-section 
parts are standing “on edge". 


Bending radii smailer than those in Table 10 can be achieved by briefly 
heating to temperatures of 150 to 200° C. 


4.2 Hollow Bodies with Parallel Lateral Walls 


Within the framework of this paper, it is not possible to discuss in 
detail the forming processes used in this connection. The following 
are used: 


Deep drawing to produce formed parts with circular, oval, or polygonal 
bottoms. Aluminum tends to wear off on tool surfaces where it makes a 
sliding contact. The work piece can be welded thereby. For this reason, 
all the surfaces must be precision processed. Furthermore, sufficiently 
pressure-proof lubricants must be used. The following can be assumed 

as guide values for the drawing gap: for the first pass, 1.2 times the 
thickness of the starting sheet, for the second pass, 1.3 times, and for 
the third and further passes, 1.4 times. 








Table 10. Guide Values for the Smallest Achievable Bending Radii With 
Aluminum Semifinished Goods (90° bend)* 


2 sonnet an pmmes_ (6) 
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Footnotes: 


] Sending radii as in the soft state can also be achieved immediately 
after solution annealing and quenching (condition “freshly quenched"). 
The bending must be completed about three hours after quenching! 

2 Neat shock: heat two to five minutes to 350 to 480°C, cool in an 
air stream, and bend immediately afterwards. 

3 Radii r . for larger thicknesses s or for diameters d of tubes (with: 
d:s < 28 or heights h of rods and sections: 
r = fw-(0.8 s - 2) or respectively fw.(0.8 d - 2) or respectively 
min t.(0.8 hb = 2) 
Example: tube 50-4 of AIMg 3 w (0;d = 50:4 = 12.5 < 20): given d = 50; 


fw = 3 (s.0.) rain” 3(0.8-50 - 2) = 114 om. 











4 The conditions “semihard” and “hard” refer to conditions attained 
by cold rolling. In the case of reannealed (G) conditions (suffix 
number for material number 27 through 31), smaller bending radii can 
be achieved from case to case. 

5 Not standardized as a sheet. 

* According to Aluminum Memorandum 81. 


Key: 
Material 
Composition according <o 
DIN 1712 Part 3 (Al) 
DIN 1725 Part 1 (Al alloys) 
3. Strengths: 
sheets, ribbons: DIN 1745 Part 1 
tubes: DIN 1746 Part 1 
rods: DIN 1747 Part 1 
extruded profiles: DIN 1748 Part 1 
4. Abbreviations 
5. Condition 
6. Thickness s 
7. Up to 
8. More than 
9 
10 


nw 
. . 


Material factor fw 
. Bending radius rain 
ll. Soft 


12. Semihard 
13. Hard 


14. Reinforced 

15. Cold hardened 
16. Heat hardened 
17. Freshly quenched 
18. After heat shock 


Cold extrusion (reverse cold extrusion) makes possible the efficient pro- 
duction of hollow bodies with nearly arbitrary bottoms, including interior 
ribs. The smallest wall thickness that can be produced depends on the 
cold hardening of the material which occurs during forming and on the 
maximum diameter or maximum diagonal of the bottom. Figure 16 provides 
reference values. 
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Figure 16. Dimensions and dimensional tolerances achieved for extruded 
cups. 


Maximum ratio H:D for Al99, 5F7 = 10; for AIMgSilW = 5; the minimum wall 
thickness for extruded parts is given as: 

up to 40 mm outside dia 0.1 om 

up to 75 mm outside dia 0.3 mm 

up to 120 mm outside dia 0.6 mm 


Key: 
l. Outside diameter >. Axle displacement 
2. Wall thickness 6. Deflection 
3. Bottom thickness 7. Length 
4. Inside length 


Pressing is suitable for producing cylindrical or oval hollow bodies. 

The starting form is a circular or oval sheet section. By pressure rolling 
(stretch pressing), the wall thickness can be reduced at the same time. 
This method is an alternative to deep drawing. it is also suitable to 
produce thin-walled seamless tubular pieces with diameters over 100 mn, 
when the required number of units does not justify production by extrusion 





tube drawinc. The largest tube length that can be produced by standard 
orcduction machines (for gas bottle production) is about 1700 mn. 


4.3 Sheet Form Parts with Non-parallel Walls 


Parts with circular or oval projections in the axial direction can be 
fabricated by pressing. Sheet form parts with multi-axis curved surfaces 
can be formed by deep drawing (stretch-squeeze forming) or chasing (pure 
stress forming). The essential difference between the two methods lies 
in the fact that, with deep drawing, material flows from the hold-down 
region and is formed; with pure chasing, on the other hand, stretching 
takes place with reduction of the material thickness. In both casei, the 
tear strength of the bottom must be larger than the maximum stamping 
force. With large-surface body parts, a relatively large portion of the 
material required to form the cavity is prepared by locally reducing the 
sheet thickness. 


The mechanical properties specified for a material, tensile strength, 0.2 
limit (yield point), and elongation at rupture, do not permit an adequate 
evaluation of the suitability of a sheet for the mult‘-axis deformation 
which takes place here. Additional characteristics have therefore been 
introcuced. These are called the strengh exponent n, the resistance 
against flowing in the thick direction lvartieal anisotropy) r, and the 
limit form change. 


The strength exponent (n-value) results from the flow curve as a measure 
for increasing flow stress with increasing deformation. The r-value is 
determined in a tensile test. Since it can differ depending on the posi- 
tion of the specimen with respect to the rolling direction, it is deter- 
mined as an average value r, from the values along, transverse to, and 
diagonally to the rolling direction. This average vaive r is as high as 
possible with materials that are well-suited for deep drawing. The 
limit form change is represented jn a limit form change diagram, starting 
from the situation during deep drawing over a single-axis pass up to 
stretch drawing. Values for n and r are given in Table 3. 


Comparison of strength values of aluminum alloys for body construction 

with deep drawn stee! sheet (RSt 1403) shows that the tensile strength 

and yield point of the aluminum alloys are about 20 percent lower than 
those of steel. In order to achieve the same form stability (to compensate 
the lower elastic modulus) for the calculated minimum thickness, aluminum 
is produced with about 1.4 times the thickness of the corresponding stee!. 
Consequently, the force and work revuired to draw steel and aluminum alloys 
sre about the same. Although the aiuminum has a thicker sheet, the weight 
Saving is still 50 percent; the greater thickness furthermore reduces 
Strains under load, if the other dimensions and s* “esses remain the sam. 





4.4 Superplastic Forming of Aluminum 


The fact that some metal alloys become superplastic at certain temperatures 
is well known. This means that they reach elongations and rupture of 

about 1000 percent even at low stresses. This phenomenon has recently 

been intensel. investigated. Two types of alloy have reached application 
maturity. Their composition and properties at room temperature are Com- 
pared in Table 11. The forming technique is comparable to bubbling of 
plastics (Figure 17). It is performed with an overpressure of about 10 

bar in appropriately heated molds on special machines. Since the edge 

is solidly clamped, pure stretch forming is here involved. 


Table 11. Composition and RT Characteristics of Superplastic Aluminum 
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tensile strength 
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elongation and rupture 
elastic modulus 
superplastic at °C 
after shaping 
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To avoid an uncontrolled reduction of thickness in certain parts of the 
work piece, especially at corners and edges, an alternative method is 

a two-stage superplastic forming, in this method, a concave curvature 
is first obcatned by applying pressure to the underside of a clamped 
section. After a “form stamp" is positioned, pressure is applied on the 
ypposite side of the preformed “bubbie”, thus pressing it against the 
die (Figure 18). The maximum present dimensions for “bubble forming” Is 


s1f 


2100 mm x |200 mm. When forming over a “die”, the maximum dimensions 





are 900 mm x 600 mm; the maximum depth is 450 m. 


when manufacturing a small number of units, this method is more economical 
than production in drawing dies, because the cost of the dies is less; 
for mass production, it is less interesting, because of the relatively 
long formation time (two minutes to more than thirty minutes). In that 
case, the advantage of low die costs is cancelled by the high unit times. 
The high dimensional precision is another advantage. Since the forming 
dies are fabricated of aluminum, corrections because of different heat 
expansion coefficients of the die and the work piece are not required. 

An interesting point with this alloy is that its superplasticity exists 
only with the first forming. 
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Figure | Fundamentals of superplastic shaping in a negative mould. 
a) mould, b) constrained blank, c) pressure chamber, d) shaped part, 





Figure 1S. Two-stage superplastic forming with positive mold, 
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The type AlCu 6 Zr alloy corresponds, in its composition and properties, 
to the alloy 2219, which is used in the U.S.A. for air and space vehicles; 
it is easily weldable, its corrosion resistance can be improved by plating 
to aluminum (which also makes possible decorative anodic oxidation) or 

by electroplating without a decorative effect. A protective coating is 
naturally also possible. In case of subsequent hardening, care should be 
taken that warpage can occur when the part is quenched from the solution 
annealing temperature 


5. Joining Methods 
5.1 Joining with Connection Elements 


Joining with connection elements makes it possible to join together and 
among one another all materials used in automobile construction. Only 
overlapping connections are possible. 


Screw connections are preferentially used for connections which can be 
loosened in the drive train and running gear; in most cases, the screw 
material is steel (strength class 8.8 according to DIN 267). Currently 
produced screw threads are so precise that the screws can frequently be 
loosened and retightened in the internal threads of aluminum cast parts 
without any risk of damage. (The customarily used force-fitted screws 
also have good sliding characteristics.) Nevertheless, because these 
parts are not always expertly handled, threaded inserts of steel are used 
for studs withextra large threads. These are screwed into the cast piece 
with a screw-in length of at least 2d. The connecting part is then fas- 
tened with nuts. 


The surface pressure under the screw head or nuts or washers should not 
exceed the amount of 0.8 times the yield point (or respectively 0.2 limit), 
even under load. 


The screw-in length in the internal thread of the aluminum parts, for 8.6- 
screws, should correspond at least to the values in Table 12. 


The data hold for metric standard threads (not for fine threads). For 
cast pieces with Si contents over 6 percent, the threads should not have 
a pitch less than 1.5 mm, since difficulties from Si inclusions could 
occur with a finer pitch. 


Sheet metal screws similarly can be used for steel parts and for joining 
aluminum parts or for joining aluminum parts to steel parts. 


Certain connections for fastening sheet form parts, tie plates, mountings 
for tables and pipelines, in the covered areas of the vehicle are not 
intended to be loosened or are loosened only conditionally. Blind rivet 
Systems are effective fastening agents in such cases. Rivet nuts are also 
used, and in one working step these provide a fastening and simul taneously 





an internal thread for screwing. Another advantage of such fastenings 

is that the combination of blind rivets and screwing can be a reliabie, 
vibration-proof joining method in covered areas of the body. Since only 
one side need be accessible for blind riveting, connections are possible 
which are not accessible to spot welding tongues. Pure blind rivet 
joints can be loosened relatively simply by “drilling off" the rivet head 
and pushing out the rivet shank with the driven head. 


Table 12. Minimum Screw Lengths in the Internal Thread on Aluminum 
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] 0.2 limit of the joined Yr N/mn® 
2 screw length (d = nominal diameter) 
3 up to 


Locking rim bolts are suitable for transmitting larger forces. Such 
bolts provide a friction-type lock, The connection point must here be 
accessible from both sides, and the connection is locked from the more 
access ible side by means of pneumatic or hydraulic driving tools. 


5.2 Joining by Deforming One or Both Joined Parts 


All the methods described below also could be suitable for joining 
aluminum parts to steel perts. 


Welting, lock-forming, dovetailing, and lock beading are the most familiar 
and usual methods in sheet processing. In automobile construction, 
welting is used almost exclusfvely, because safety against loosening by 
vibrations is a requirement, Often this is combined with resistance spot 
welding. The connection of plastic water reservoirs with the new radi- 
ator designs can also be considered welding. 


Welting can also be combined with gluing, It then yields vibration-proof 
joints even with single weltings; the expensive gluing devices required 
for pure adhesive bonds are obviated; the joined parts are already joined 
SO that they can be safely handled, even before the glue is applied. 





as for this method are e.g, the joining of inner and 
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yw four circular points. The pierced-out slugs are not yet separa 
om the remaining webs. They are pushed through far enough so that 
the upper side of the upper sheet lies at the level of the underside of 
the lower sheet. By means of an annular stamp, the hole edoes are the 
upset to a sufficient extent that their diameter becomes smaller thar 
the pertly cut-out slug. In this way, the overlapping parts are solidly 
jamped together. The resulting depression can easily be filled with 
filling putty. The method can therefore also be used visible joints 
it is also suitable for joining aluminum sheet to steel sheet (Figure 
ihe “siug diameter” can also be increased by upsetting. 
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The soldering of aluminum differs from the soldering of oth etais by 

the fact that an oxide layer is continuously formed under the action of 
rr spneric Oxygen, ind tnis layer prevents wettir ; yy 7 ; ou =" « ] eT 


soldering methods for aluminum therefore contain a method for removir 
the oxide layer. This method characterizes the respective soldering pre 
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can arise from the fact that the increased streggth obtained by cold 
hardening or work hardening can be partly or completely lost through the 
f heat. Alloys of the type AlCuMg can be welded if S-AISi 5 or 

2 are added, if it is certain that the silicon can be fused suf- 
iciently fast into the grain boundaries of the regions of the heating 
one, which is susceptible to cracking. However, this depends on so many 
actors that no general recommendations can be given. 


~ wy > 


The weakened area in the fusion weld is all the narrower, as the energy 

of the heat source is more concentrated. MIG welding (with lower materia! 
thicknesses than MIG pulse welding) is therefore preferred to TIG welding. 
The application possibilities of special welding methods (e.g. electron 
beam weldine in vacuum), plasma welding, TIG welding with direct current), 
as automatic processes, must be investigated from case to case. I1G and 
MIG spot welding can be done as plug welding, fillet weiding, or edge 
welding (with high metal alloys, by using welding additives). These methods 
have a disadvantage compared to resistance spot welding in that the weid- 
ing time per point is larger. By using a large number of simul taneously 
operating individual torches, this disadvantage can possibly be compen- 
Sated in mass production. Comparison of the obtainable fracture loads 
attainable with MIG and resistance spot weiding is given in Table 13; the 
fatigue strength values are shown in Figures 22 and 23. 


Resistance spot welding of aiuminum requires much higher welding currents 
than when welding steel, because the electrical conductivity is higher. 
Furthermore, a high electrode force is required, and this makes deep 
electrode impressions in the aluminum surface. If a relative motion 

t place, aluminum is ablated at the electrode tip. his can cause 
the copper electrode to alloy and to deform and can thus lead to unsatis- 
ry electrode lifetimes. 
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e welding point is easily accessible, the problem can be solved rela- 
tively simply by using the “rolling point". Instead of using cylindrical 
electrodes with a tapered <ontact, as with seam welding, rounded disk- 
naped electrodes are used, which are turned forwards after welding each 
point. When the surface beqains to alloy, this contaminated surface can 
be removed, without interrupting the welding, e.g. by a scraping knife 
; ner rasures. 


ne problem of electrode lifetime has recently been studied extensively 
| over the world, These studies have extended to the development of 
inically and economically optimal surface treatment, electrode shape, 
rode cooling, type of current, and optimum current-pressure programs. 
Partial results have been published, but provide no comprehensive picture. 
lt appears that empirical information is not being published. in order 
preserve as long as possibie an actual or imagined competitive advan- 
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Figure 22. Fatigue strength (R = 0) of MIG spct weld joints on various 
aluminum alloys (for comparison of material newsenclature refer to Table 


12). 1 ib = 4.45 N; 0.035" = 0.9 am; 0.05" © 1.3 mm; 0.125" = 3.2 m= 
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Figure 23. Comparison of fatigue strength in percent of the static 
strength of MIG and resistance spot welded joints (for conversion, 
refer to the legend of Figure 22). 





According to published research results, a number of conclusions can be 
drawn: Extensive chemical or mechanical surface treatment can be obviated 
by subjecting the aluminum sheet utilized to certain heat treatments. 

If direct current is used, a flat or only slightly rounded electrode tip 
should be used at the minus pole for that side of the body part which 
will be visible after installation. A cylindrical electrode should be 
used at the plus pole for the non-visible side (this implies relatively 
large electrode wear and deeper electrode impressions). In this way, 4 
satisfactory electrode lifetime can be achieved. The use of direct 
current eliminates problems from AC resistance, which limits the load 

on the electrode holding arms. With alternating current spot welding 


tongs, the transformer must be affixed directly to the spot we'dine 
tongs . (Because of the high welding currents required for aluminum, 
this transformer is very heavy and bulky.) In contrast, when welding 
with direct current, the current source can be stationary. The mass of 
the required feed lines could be reduced by using aluminum conductors, 
and flexibility could be improved simultaneously (an aluminum conductor 
weighs only about 50 percent of an equivalent copper conductor). The 
direct current source (three phase rectification) could supply several 
spot welding tongs - electronically interlocked -, which could also be 
affixed to robot arms. 


The combination of spot welding and gluing (weld bonding) also has been 
the subject of worldwide study. Indirectly it is a measure to increase 
the number of parts that can be welded per electrode lifetime. Secause 
of the collaboration of spot welding and gluing, the number of required 
weiding points can be reduced. 


Gluing of continuously stressed body parts without additional mechanical 
joining or spot welding presumably is not a realistic solution for various 
reasons. These reasons include the necessity of using giuing apparatus. 
The required retention times of several minutes in the heated apparatus 
implies that, for mass production, a corr’ *oondingly large number of such 
devices must be available. Physically bo. ing (fusing) adhesives present 
problems related to the furnace drying of the coating. Again, the loada- 
vility of glued joints, under the long term joint action of loads and 
environmental influences, is one to two powers of ten less than that deter- 
mined in short-term experimests under environmental! influences. 


6. Corrosion Behavior, Surface Protection 


6.1 Untreated Aluminum Surfaces 


Under the action of weathering, with alternating humid and dry periods, 
untreated aluminum surfaces form cover layers, which protect the meta! 

underneath from further attack, Hydroxide formation ("blooming") first 
occurs in isolated spots. As the surface layer continues to form, these 








spots extend over the entire surface. Protective particles are built in, 
and amore or less gray “checkered” coloration forms. This cover layer 
reinforces the protective action of the natural oxide layer underneath 
(base layer, blocking layer). Alloy components here have different be- 
havior. Besides their percentage content, their distribution in the 
grain structure is also significant - e.g. whether they are built into 
the mixed crystals as heterogeneous components cr whether they lie in 
interrupted or penetrating grain boundary seams, whether they themselves 
can form protective oxide layers. Their electrochemical potential with 
respect to neighboring structural components likewise plays a role. As 
long as the cover layer is formed everywhere and remains intact, no deeper 
corrosion can occur. These relationships are much more favorable with 
casting, especially in the engine space. Castings have a thicker natural 
oxide layer; the oil film, which is generally present, is preserved; if 
moisture penetrates, it dries quickly because of the heat radiated from 
the engine. For these reasons, corrosion problems occur practically 
never at such parts. 


Constructive measures can avoid the preconditions for the formation of 
so-called aeration elements. Their effect is based on an electrical 
potential being formed in minute amounts of stagnating aqueous media, 
through different oxygen concentrations. This potential is capable of 
dissolving the ~ctal (the less aerated regions are anodic). This pheno- 
menon was discovered at droplets of condensate water, which formed at 
the underside of metal roofs, and which could not be dried because of 
the lack of air circulation, The same circumstances also prevail at 
overlap gaps, where water or condensate penetrates and can be retained 
by capillary action. Towards the gap opening, more oxygen is present, 
because of contact with the eir, than is present in the depth 

of the gap, where it decreases because of an intrinsically insig- 
nificant boundary surface reaction. Consequently, it is actually 


indispensible for all metals that o° ‘lap gaps be securely sealed against 
moisture, unless the boundary surfaces of the gap have a perfect non- 
metallic coating. This is necessary to avoid gap corrosion. The critical 
gap width is here 0.05 to 0.2 mm, such as is always present e.g. with spot 
welding connections. Combination with gluing obviates this danger. 


6.2 Surface Protection 


A distinction must be made between a pure »rotective function and a pro- 
tective function with a decorative appearance. All methods customary 
with steel parts can also be used for alumirum parts: 


Enamel ling for body sheet parts is also usual for aluminum. The most 
imortant precondition is here the metal-reactive adhesion of the base 
coating. Since coatings based on synthetics are not tight against dif- 
fusion of water vapor, the resistance against the diffusion of water 

vapor must tend to infinity at the metal-coating boundary, so that pene- 
trating water vapor cannot react with the metal. Every defect uf adhesion 





necessarily leads to reactions which, because of the larger volume of 

the corrosion sroduct, will cause the coating to peel even in neighboring 
areas, and will in this fashion increase the defect area. With aluminum, 
reliable adhesion can be achieved by chromatizing. Since its corrosion 
products are chemically inactive, local damage of the coating or point- 
like adhesion defects will not propagate underneath the coating. Even 
unenameled intersection surfaces generally present no problem. Large~ 
area defects in the preparation of the adhesive base, Nowever, have 
yrievous effects. The corrosion behavior is better with aluminum without 
a coating than with a poorly adhering coating. 


For assembly with mixed aluminum-steel construction, zinc phosphate is 
recommended as the adhesive base. Zinc phosphate layers increase the 
surface resistance of the aluminum parts to such an extent that about the 
same thickness of layer deposits on both metals when the primer is applied 
electrophoretically. 


Electroplating (covering with chromium or nickel) requires an additional! 
working step with aluminum (pickling with zincate or stannate), whereby 
the natural oxide layer is ablated and is replaced by a conducting zincate 
or stannate layer. 


Anodizina (anodic oxidation) converts the surface zone of aluminum parts 
into aluminum oxide by electrolytic conversion. It is suitable for the 
orimary conservation of an appearance that has been achieved by mechanical 
yr chemical pretreatment. Transparent oxide layers presuppose that the 
base metal has a certain purity. Alloy additives except Mg and in, depend- 
ing on their content, cause turbidity, which increases with the thickness 
of the layer. Anodized layers can be dyed true and permanently in many 
colors, by dipping in dye solutions or electrolytically by metal salt 
solutions. The layers are very hard and wear-resistant, but at the same 
time very brittle. Shaping is possible only with layer thicknesses up 

to about 5 wm. Larger layer thicknesses will rupture on deformation; 
when the pressure strength of the starting material is exceeded, the layer 
is pressed into the surface of the part, and thereby breaks. The original 
condition of an injured anodized layer can be reestablished only by re- 
movin, the entire layer with corrosives, and anodizing all over again. 


Wear protection layers on the aluminum surface can be applied by hard 
chrome plating, hard anodizing, or chemical nicke’ ,lating (nickel phos- 
phate), thermal spraying, or detonation coating. On piston bottoms, which 
are subject to severe thermal stress, iard anodizing layers provide pro- 
tection against corrosion and simultaneously « heat barrier. 


epair of Aluminum Motor Vehicle Parts. 


shen performing repairs, it should be noted that parts in a cold-hardened 
r workx-hardened state can be denardened by the Seat from welding. In 
the case of safety parts (axle pivots, axle supports, wheels), repairs 





should, in principle, be rejected if the part is broken. With slight 
deformations, it is possible to align safety parts of wrcught aluminum 
alloys. But a subsequent test with a penetration method must make cer- 
tain that no cracks have resulted. The repair directives of the vehicle 
manufacturer are decisive regarding whether and when a repair may be 
performed. 


For parts which are not safety parts, the following rules are applicable: 
7.1 Repair of Castings 


Broken or cracked pressure castings cannot be welded, The tiny air 
inclusions, which are stirred in during casting, and which have no 

effect on strength, will expand upon heating, while simultaneously the 
yield point of the materials decreases. The pre’ re of the enclosed 

air will exert a stress. If this stress exceeds te heat yield point 

of the material, the casting will “blow up” in the area of the heating 
zone. If the p “tion of the rupture allows bridging over with internal ly 
or externally fitted sheet strips (e.g. of AlMg 3 F 24, or or AIMg 3 F 19 
if work must be carried on during the fitting process), the sheet strips 
can be affixed by gluing plus riveting or screwing, after it has been 
thoroughly cleaned and degreased (boiling or pickling is more effective 
than degreasing in solvents). If the pressure casting has broken in two 
or more pieces, repair is problematical, if fits or axle spacings can 
change. 


Pressure castings can easily be recognized as such, They are distinguished 
by smooth, sometimes somewhat “cloudy” surfaces and well-formed contours 
at the ribs and lettering. 


Sand castings and ingot castings of aluminum can usually be easily 
welded; alloys of the types G-A1Si and G-AlSiCu in the unhardened 
state are used almost exclusively for castings, except for safety 

parts and compressor wheels - consequently al] aluminum sand and ingot 
castings in the vehicle can be welded with S-AiSi 12 additive, unless 
otherwise indicated in the repair directives. The parts are best 
cleaned by boil-out degreasing. After prepasing a v-joint with a web, 
the parts are first tapped together and are then immediately welded. 

If smooth connection surfaces are available ‘e.g. flanges), the delay 
can be ninimized by tensioning these flanges on a flat plate (e.g. on 
an old macnine table). The repair of castings is the only application 
for which open arc welding can still be recomm**-' for aluminum. How- 
ever, here too, MIG welding is the most suitable, because the removal 
of flux residues (flux is contained in the electrode sheath) can be 
omitted. This step would be necessary with rod electrodes. Gas welding 
requires great skill, because the low heat concentration requires very 
high preheating (up to 400°C), leads to extensive influence from heat, 
and because the solder dust temperature of the casting material may lie 
below that of the welding additive. TIG welding requires preheating to 





about 200°C, with thicknesses above 4 mm and larger dimensions of the 
casting. Such heating may also be suitable for large pieces, when MIG 
or ol welding is used. 


Body parts of aluminum sheet can be repaired by TIG welding, gluing and 
riveting, hard or soft soldering. The preparation for the repair is the 
same in all cases: 


After the deformed parts are banged out or aligned, the repair area on 
both sides is to be wt pas metallically blank and should be degreased 
with solvents (Tri, Per). Tight cracks must be handled with special 
care; where necessary, they should be degreased several times and should 
be “blown through” with corpressed air. If no information is available 
concerning the alloy type of the aluminum part, an inquiry should be 
made with the manufacturer or the alloy type should be determined by a 
drop reaction, with a few drops of sodium lye (20 percent) and nitric 
acid (concentrated), as follows (the severely simplified description 
holds only for sheets, not for sections!): 


Sodium lye (action time five to ten minutes) 

white corrosion indicates that an AIMg alloys is involved. Gray color- 
ation indicates AISiMg. Black coloration indicates AlCu or AlCuMg. 
After drying with blotting paper, it may be necessary to perform a 


nitric acid test 
Color vanishes immediately, AiCu or AiCuMg 
Color vanishes slowly, AiSiMg 


With TIG and MIG welding, the optimum additive depends on the alloy util- 
ized: 

for alloys of the types AISiMg: S-AISi 5 

for alloys of the types AlMg and AlMgMn: S-AISi 5 or S-AIlMg 4.5 Mn 

for alloys of the types AIMgfu: S-AISi 12 

When welding together alloys of the type AIlMo or AlMgMn with AlSiMg, 
5-AIMg 5 or S-AIMg 4.5 Mn snould be used. The type AlCuMg is the most 
problematical for weiding. It does not occur in standard German produc- 
tion vehicles, but it may occur with vehicles from France or the U.S.A. 
The British car Aston-Martin Lagonda has body parts of superplastically 
formed AiCu 6 Zr, which nearly corresponds to the U.S.A. alloy 2219. This 


can be well welded with the additive 2319 (not commercially available in 
Germany). 


The weld is suitably performed in position w with the torch held steeply, 
in a leftward technique. The acditive rod is fed into the seam axis, 

ten to twenty degrees to the surface. Only AlMa alloys can be welded 
without additive. 





Hard soldering is performed with gas welding torches. it can be used 
sensibly - ‘f at all - only with AISiMc. Fiux residues must be removed 
completely (brush with a wire brush, wash with hot water, neutralize 
with ten percent nitric acid). AIMg alloys cannot be hard soldered, 
because the flux does not sufficiently remove the oxides. 


Soft soldering can be used as friction soldering for bridging over a 
crack with a suitable sheet strip. After uniform heating (with a 
soldering or welding torch), SnZn solder is melted on both sides of 
the joint surfaces. It is made to wet the surfaces by “rubbing it in” 
with a clean wire brush. Then the soldering surfaces are pressed 
against one another, are heated to the working temperature, and are 
retained in this fashion after the flame is removed, until the solder 
has hardened. 


Gluing and riveting a fitted sheet strip for bridging over cracks is 
the simplest procedure and can be performed in any position. After the 
rivet holes have been jointly drilled into the body part and the repair 
strip, a center punch can be used to counterbore jointly against a hole 
plate. The glue is then applied and the parts are riveted with counter- 
sunk blind rivets. Among others, adhesives based on epoxy resin or 
methacrylate are suitable; the processing directives of the adhesive 
anufacturer must be obeyed. If the subsequent coating is to be burned 
in at temperatures above 100° C, one should also inquire with the ad- 
hesive supplier whether the adhesive will be damaged thereby. 


Hollows canbe filled in by filler or by “flushing with tin". For the 
latter method, the surface is first prepared with solder or pure tir, 


as with friction soldering. It can then be filled as is usual with 
stee! bodies. 


Note Flushing is not possible with soft-soldered or glued and 
riveted repair points. 


Repair coatings can be applied with aluminum parts as with steel sheet 
parts. 


Adhesive base: phosphoric acid hardened wash primer (12 to 20 wm thick) 
or chrome plating. 


Base coating: two-component epoxy resin base. 


Cover coating: original cover enamel or repair enamel! of the vehicle 
anufacturer ° 


'.3 Radiator Repair 


wrole series »f standard production vehicles is equipped with aluminum 
radiators Not all radiator shops are set up to reseir these radiators. 








The repair method to be used or the decisic. whether repair is possible 
or sensible depends on the position, type, and size of the damage, and 
not must have a reasonable relationship to the repair costs. The repair 
method must be matched to the construction of the radiator. Heat 1s 
prohibited at points where rubber or plastic parts could be damaged from 
neat. 


The following repair methods can be used: 


soft soldering as friction soldering with solder CdZn 20 or ZnAl 74 Cw 3. 
Soft soldering with partial gilding of the soldering point (“electro- 
plating bath” fs a felt piece filled with electrolyte) with solder 
PbSn 18 Ag 2. 

Sealing with fusing adhesives based on polyamides; metallically blank 
surfaces may first need to be treated with a chromate or phosphate 
solution. (Heat defective spots, then melt off a PA fusing adhesive.) 
sealing with single-component adhesives based on epoxy resin. These 
first become quite brittle when they are heated to 100 to 200°C. They 
penetrate the leakage points and bind them off. 

Anaerobically bonding adhesives, «hich penetrate into the leakage and 
bind it off in the absence of air (only suitable for fine cracks in 
overlaps). 


in all cases, the repair spots must be metal blank, dry, and free of 
grease. 


For heat exchangers of air conditioning systems, with plug-in pipes, 

finned coolers, and ultrasonically immersion soldered reversing arcs, 
the same repair methods can be used. After the reversing arc has been 
soldered out and its widened end has been sawed off, damaged pipes in 


the direction of the fin passage can be pulled out and can be replaced 
by new pices. After the pipe ends have been widened and after the 
soldering surfaces have been “friction tinned”, the old reversing arcs 
can again be soldered in. The replacement of damaged reversing arcs is 
even easier, if the manufacturer of the heat exchanger supplies ultra- 
sonically tinned arcs for this purpose. 
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FEDERAL REPUBLIC OF GERMANY 


AUTO INDUSTRY, RESESRCH MINISTRY PUSH FOR FUEL ECONOMY 
Duesseldorf WIRTSCHAFTSWOCHE in German 5 Nov 79 pp 96-98 
[Articles "Switch Off the Cylinders If Necessary" | 


[Text] The manufacturers of German luxury cars view the 
future optimistically. They are working intensively on 
tests of high-performance thrifty engines. A project of 
the Federal Research Ministry in Bonn is intended to stimu- 
late the industry's drive for innovation, 


The drivers of expensive luxury cars have hardly been touched by the intense 
discussion on gasoline prices and eneray conservation. Either they use their 
expensive large—displacement models which normally cost more than OM30,000 
partly on a business basis or they belong to the high income group to whom 
luxury autos ere simply a question of life style, "just like a Rolex watch 

or a tailormade suit for DM800 even though one off the rack for OM300 is 

just as warm and has just as many pockets," as Lars Roger Schmidt, sales 
director and member of the board of the sports car producer Or.<Ing. hc. 

F, Porsche AG, expressed it. 





Daimler=—Benz AG estimates that only 20 percent of its S class customers 
have to bear the full cost of their vehicles. Heinz Schmidt, public rela- 
tions chief of Daim’ar-—Benz, states that the traditional customers of the 
Stuttoart firm, “most of the heads of state, ministers, secretaries of 
state, architects, doctors, attorneys and top employees," can either deduct 
them from their tax or receive compensation. 


The competition from Munich is *till fighting for this circle of customers. 
"We want to progress in this area," explained Hans-trdmann Schoer.beck, sales 
director of the Bayerische Motoren Werke AG. However, "Daimler is virtually 
unbeatable" among «fficial agencies, Sut he also does not think that sales 
prospects f..c luxury models will be a problem in the future. "In every mar=- 
ket there are persons who would like or can afford exclusive, demanding 
autos with a special image. Fuel prices and shrinking household budgets 

do sot play an important role here." Lars Roger Schmidt feels that Porsche 
drivers are even proud “if they are allowed to pay more money to buy an 

auto with technology that others cannot afford," 
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Menufacturers of lux ry cars face some danger despite this. They must fear 
that some of their customers in the future will refrain from buying “aroe 
limousines or sports cars for faar cf being publicly pegoed at gas line 
wasters. This could be e source of irritation not orly to image-cunscious 
politicians but also to normal consumers emong tieir customers. In the 
United States the now retired Transport Secretar) Srocx “dams has already 
pronounced the key word with his call to Detroit to build "socially respon- 
sible cars." Over there many customers prefer thrifty imported cazs despite 
gasoline -:rices only about half as high as in Europe. These (cars | are 
relatively expensive but Americans can thus document their personal contri- 
bution to solving the oil crisis. 


The manufacturers of European luxury models apparently have not rulec out 
such an attitude change in their domestic markets. Porsche sales chief 
Schmidt can already sew the effects of system changers which would upset 

his customers. “what we are worried about is the hysteria aimed not really 
at the alleged high gasoline consumption but at the luxury." In particular, 
he considers “political and secial pressures” on his customers to be possible. 


The German manufacturers, however, consider themselves prepared for such 
cases. At the International Automebile Show (IAA) in Frankfurt, Porsche, 
Daimler-Benz and 8M displayed not only restyled large models but also 
future projects designed to make buying large limousines and sports cars 
socially acceptable and without performance penalties. Their magic formula, 
which is intended to keep their customers safe from the envious and the 
gasoline savers and thus to retain them, is called cylinder switching off. 
fll three firms have developed from their existing models engines which can 
save severel liters of gasoline while driving with the switch on/off capa- 
bility. Porsche already has a 928 on the test track with a V-8 engine 
configured as two partial engines with separate intake systems. ‘The driver 
hardly notices it when the second cylinder group is switched on or off, 
He's supposed to realize what is happening under the hood only at the oas 
pump. Porsche data indicates that the engine uses only 12.5 liters instead 
of 18.4 in city driving. Porsche development chief Helmuth Bott considers 
that the device will be ready for series production by the "mid-1980's,." 

At the IAA Daimler-Benz showed a V-8 engine that can be operated with *our 
or six cylinders as required. 8MW is developing, from its present six-cyl- 
inder inline engine, a unit in which three of the six cylinders can be 
switched off if required and the switched-off cylinders set in motion with 
hot exhaust gas from the working cylinders, Also, the Volkswagenwerk AG 

in Wolfsburg has, as press spokesman Karl-Guenther Hornig admitted, experi- 
mented with the switching off method. Sut in his opinion, the present 
models and engines line is not suited to this technology. According to 
Hornig, switching off cylinders and saving gasoline without decreasing 
performance is possible only with engines that have six or more cylinders 
and more than a 2,.5=liter displacement. "But our largest engine is a 
diesel with five cylinders." 
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The view has apparently gained ground in the Federal Research Ministry 
thet the German automobile industry can continue to play its role in the 
domestic economy — almost every sixth job depends directly or indirectly 
on the automobile — and maintain its export ability only if it maintains 
or even increcees its advantage in know-how over competition worldwide. 
Minister Volker Hauff, who hed previously considered a 100 [| km/hour } 

speed limit on the autobahn, apparently considers all this industry activity 
insufficient beceuse it is largely on engines already in use today. Hauff 
has therefore announced a 0%110 million research project for the “auto of 
the future" which, in addition to small and medium cars, also includes a 
touring limousine (speed 200) and ae sports car (0 to 100 km/hour in 10 
seconis at the most). Since then Daimler—Genz, Porsche, BMW, VW—Audi and 
ea university group from the universities of Darmstadi:, Berlin, Aachen and 
Stuttoart have presented their ideas. Because the [pro ject | was to gone 
into the hardware stage in early October, Porsche and SMW heave withdrawn 
from the project because of “capability shortages" since the minister 
wanted to see prototypes as early as March 1982. DOaimler-Senz, on the 
other hand, intends to have available on time a Mercedes limousine with 
an electronically controlled 150 horsepower turbine using new ceramic 
materials to decrease gasoline consumption. The consumption goal: only 

8 to 10 liters per 100 kilometers. If this system should not prove feasi- 
ble, the Stuttgart firm still has its V-8 engine with cylinder switch-off 
in reserve. 
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JOINT MANNED SPACE FLIGHT WITH SOVIETS PLANNED FOR 1982 
Paris LE MONDE in French 23 Oct 79 p 14 


[Article by Jean-Francois Augereau: “French-Soviet Space Cooperation-- 
First French Cosmonaut Will Begin Training By the Middle of Next Year"] 


[Text] Ajaccio, For the 16th time in 13 years, the French and the 
Soviets got together to talk about space cooperation between the two 
countries. During this week's talks, between 15 and 20 October at 
Ajaccio, Corsica, they in particular scheduled a French cosmonaut to 

be sent into space on board a Soviet space vehicle by the middle of 
1982 and they precisely spelled out the specific content of the project 
for the study of the atmosphere of Venus (Venera-84) by means of a bal- 
loon. On that occasion, they also reviewed the possibilities for co- 
operation in biology, geophysics, meteorology, and telecommunications. 


For 1979, the French-Soviet space cooperation budget will come to 
F27.6 million on the French side. 


Proposed last April by Mr Leonid Brezhnev, on the occasion of the trip 
by the president of the republic to the Soviet Union, the project for 
sending a Frenchman into space on board a Soviet space vehicle centered 
the phase of active implementation. The Ajaccio talks as a matter of 
fact made it possible to spell out the content and the schedule of that 
undertaking. Not everything has been disclosed as yet but Mr Boris 
Petrov, vice president of the Soviet Academy of Sciences and the man in 
charge of contacts, as well as Mr Hubert Curien, president of the CNES 
(National Space Studies Center) were kind enough to lift some of the 
secrecy here. Thus it seems certain that the flight will take place 
around the middle of 1982 and that the French cosmonaut and his Soviet 
teammates will remain in space for about a week. On that occasion, it 
seems, it is planned that the two men will link up with a Salyut space 
station in orbit. 


This type of mission--especially as regards duration-~presents some 


similarities with those already accomplished on several occasions by 
mixed teams made up of one Soviet cosmonaut and a representative from 
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one of the friendly countries (Czechoslovakia, East Germany, Poland, =tc.). 
CNES officials however think that it will differ from earlier missions not 
only by virtue of the procedures employed but also because of the way in 
which the setentific program, te be assigned to theese two men, will be 
carried cout, as well as the centent of that program. On that score, Mr 
Curten declared that the experiments selected “differ from those that 

can be carried out on board automatic stations." 


During recent conversations in Moscow, the two parties decided that the 
scientific program would involve astronomy, upper-atmosphere phenomena, 
the preparation of materials in space, and biology, a field which is to 
be the object of particular concern. In spite of the successes already 
achieved in this discipline, the French feel in effect that the jointly 
conducted work "has remained rather modest so far since it essentially 
concerned only the exposure of microorganisms to cosmic radiation." 


New Prospects 


The occasion presented by the manned French-Soviet flight thus offer: new 
prospects for cooperation which the director of the cos<ic research insti- 
tute in Moscow, Mr Roald Zagdeyev [Sagdeyev] was kind enough to illustrate 
by diecussing two experiments that have already been selected: Cytos-2 
and DS-I. The first of these is intended to measure the system, to anti- 
biotics, of microorganisms liable to grow during long-lasting flights and 
capable of thus triggering contagious diseases among cosmonauts. In the 
second one, biologists will try to get information on blood circulation 
in the brain. 


This strong orientation in French-Soviet space cooperation toward human 
physiology is not devoid of after-thought: It is not to be ruled out 

"4f the joint flight is successful, that new missions might be envisaged." 
On the other hand, the French are working to design a little space ship 
which could hold several drew members. All basic information on these 
future panned flights is thus useful. 


As for the immediate future, considering the time required to train the 
French cosmonauts-——as a matter of fact, two men will go into training 

in case one of them should drop out--the CNES will shortly start the 
candidate selection procedures. For this purpose, all data necessary 
were furnished by the Soviets to the French side so that the French might 
be able to make their choice under the best possible conditions. The two 
parties are scheduled to get together again to finalize the operations. 
The two men to be picked, according to Mr Petrov, "will have to be able 
to speak Russian satisfactorily" and will go to Star City by the middle 
of next year where the Soviet cosmonauts are being trained. 
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FRANCO-SOVIET COOPERATION IN SPACE RESEARCH REVIEWED 
Paris AFP SCIENCES in French 25 Oct 79 pp 9, 9a 


[Text] Scientific space research. In 1979, French-Soviet space co- 
operation was marked, on the one hand, by the analysis of common experi- 
ments conducted in 1978 and, on the other hand, by the conduct of new 
experiments, such as "Sambo 2" involving a study of the magnetosphere, 
"Elma" under the space processing program, and "Cytos M” in space bio- 
logy (see table below). 





The most important projects for 1980-1982 are ARCADE 2, UFT, and GAMMA 1, 


ARCADE 4 is a French-Soviet experiment which will be placed on a Soviet 
satellite of the AVOST type. This is devoted to a detailed study of 
physical phenomena and parameters of the auroral ionosphere and magneto- 
sphere. 


UFT is an ultraviolet astronomy project consisting of a French spectro- 
photometer placed at the focus of a Soviet telescope. This assembly 
will be p’aced in a Soviet satellite with triaxial aiming. 


GAMMA 1 isa a French-Soviet experiment in gamma astronomy intended to 
study the fine spatial structure of the intensity of gamma radiation 
in the galactic plane, the separate sources already known, and to look 
for new ones. 


According to academician Georgiy Skryabin, scientific secretary of the 
presidium of the Academy of Sciences of the USSR, some 40 joint secien- 
tific experiments were conducted by France and USSR within the framework 
of their espace cooperation. 
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FRANCE 


RESEARCH POLICIES IN TRANSPORT FIELD DISCUSSzD 
Paris LE PROGRES TECHNIQUE in French No 14, 1979 pp 22-27 


(Article by Michel Frybourg, director of the Transportation Yesearc 
Institute (IRT): “Research Policy in the Field of Transportation in France" } 


(Text } To speak of a research policy in the field of transportation means 
to question the realism of a deductive step which, based on a specific 
policy, would have consequences, to begin with, in the field of transporta- 
tion anc, subsequently, in research in this area. 


We know how simplistic this view may be, not only because itimplies creativity-- 
therefore spontaneity and decentralization--but also becaus- the transporta- 
tion sector is multiple. It is said that transportation is in exploded 

world; it has exploded in terms of three cimensions: 


- the modal dimension: land, sea, and air transport and, within land trans- 
portation--road, rail, water, and pipe; 


- the “system” dimension. The transportation system has three components: 
vehicles, infrastructure, and operational techniques; 


- the functional dimension, useful in transportation planning (economic and 
spatial). We distinguish among freight and passengers, and transportation 
related to consumption and to production: raw materiais, semifinished pro- 
ducts, distribution, and urban, regional, interregional, international, and 
intercontinental transportation. 


Research in transportation is a specific feature: a fluid field of action. 


Transportation is an intermediary production. It is a service. The targets 
issuec enterprises and management in charge of such activity are the 
following: cost reductions, quality improvements (speed, safety, comfort), 
reduction of social costs and, above all, of nuisances, preservation of 
natural resources (fossil energy--preservation of sites), and even economy 
of movement, since uncontrolled mobility is not automatically good, par- 
ticularly if its expansion increases inequalities. 














The diversity of these targets increases even further if we wish properly to 
include the transportation sector in the more general policy of the authori- 
ties, economic control, and space management. 


Under such circumstances, it is clear that the organization of the market 
or, rather, of the transportation markets is particularly complex. That is 
why the study of transportation has been the privilege of economic research. 
The social sciences became interested in transportation only more recently, 
when it became clear that transportation was an important feature of the 
social balance not only because of the size of the personnel involved in 
such activities but also the influence of transportation systems on the way 
of life and use of space. 


The general increase in mobility may be the result of converse movements: 
the excessive mobility of some and the undermobility of others. We must 
take into consideration anyone--children, the aged, the handicaoped, and 
the unemployed--the majority of whom do not have the means to move in good 
conditions, including motorized facilities. 


Therefore, the primary task of transportation research is to provide an 
opportunity for activities which stem from the multiple responsibilities of 
the mandatorily developing professional world. The two axles around which 
it is formulated are decision-making aids and promotion of innovatioi. 


Socioeconomic Research and Decision-Making Aids 


The behavior of the customers of the transportation system, the new services 
offered to them, and the prediction of results of transportation policies 
and of the utilization of these various elements in the decision making pro- 
cess are the four essential areas of research in the socioeconomic field of 
transportation. 


Customer Behavior 


What are the factors irfluencing the “customers,” determining their current 
and future behavior? What models could we suggest to explain the various 
utilizations of transportation facilities? 


In the case of passenger transportation, the priorities deal with ratios 
between mobility and way of life, relations between the possession of 
vehicles and mobility, and transfer mechanisms between individual and 
collective transportation facilities. More specificaily, in terms of urban 
transportation, we try to emphasize the rigidity of behavior which opposes 
the desired development of this sector, and suggest means such as better 
information, which would enable us to surmount them. 


In the field of freight haulage, research is o‘iented toward the development 


of models which would explain demand and its breakdown among the different 
systems (road, rail, water). 
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“Mew Services and Development of Transportation Links in the Face of Changes 
Urban vevelopment and the Bational Industrial Landscape 


How Go such changes aodify the organization of transportation enterprises? 
What are the resulting economic and social costs? 


n term, of urban and regional passenger transportation, rescarca prioritics 
are focused on the organization of collective transportation services in 
less densely populatedc areas, ‘request™ services, and the collective use of 
private vehicles. 


In the case of freight haulage, research is focused on the organization of 
transportation systems as a function of the development of mixed technologies 
(containerization, rail-road mixed transport, containerships), and changes 

in geographic localization of production or consumption. 


Socioeconomic Results of Improvements in the Transportation Se. tor 


that is the impact of the new infrastructures on individual decisions: 
choice of residence, choice of place of employment or purchase, etc.? How 
are economic activities localized in terms of such changes?’ 


in the case of urban transport, the effect of a reorganization of transport 
services is measured within the framework of a new collective transport 
policy (followed by experiences in the restoration of collective transporta- 
tion, a fact of recently built subways, etc.). 


%%m the level of interregional transportation, the determination of the socio- 
economic impact of investments such as railroads, highways, and canals is 
based on the gathering of pertinent data before, during, and after the 
commissioning of the infrastructure: enterprise turnover, cost per square 
meter of land, etc. The purpose of such research is to develop such data 

for projects whose implementation is immediate (the Paris-Southeast TOV 

(High Speed Train], and highway interchanges). 


Utilization of the Various Elements in the Decision Making Process 


In the field of urban transportation, studies related to transportation 
(and of the models of traffic used) are analyzed from the viewpoint of 
their utilization in discussions with technicians, local elected officials, 
and the public, in the course of the study and decision making stages. 


In the field of interregional passenger transportation, efforts are made to 
improve the quantitative methods which make it possible to increase the 
desirability of the transport system by the users, bearing in mind the fact 
that the economic and social factors of the various means complement each 
other: traffic prediction, and advantages and disadvantages of transport 
systems. 
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Naturally, a number of such activities are not carried out exclusively on 
the internal level but lead to bilateral or international cooperation within 
the OECD (Road Research Committee and Work Groups), the éC (the EUCO-COST 
30 committee and related work groups), or the European Conference of Trans- 
port Ministers (CEMT) (Economic Research Committee). 


Development of Innovation 


Innovation is based on what is usually described as programmed topic actions, 
new modes, and critical components. 


Programmed Topic Actions 


The required innovation promotion has been added to socioeconomic research. 
It applies to two types of action: 


The first is the result of the state's financial assistance in promoting 
research and development operations deemed useful in “dynamizing the system," 
and intervention which had to be paralleled by suitable scientific manage- 
ment. Such financial interventions do not necessarily imply a recourse to 
economic agents other than industrial or exploiting enterprises involved in 
this market. They do not apply to technology alone, but equally to “organi- 
zational” innovation. 


~ The second calls upon outsiders, whose inclusion within the grour of 

local enterprises is conceivable, even despite a very great risk of failure, 
only during a minimum incubation period. This second intervention of the 
suthorities triggers adverse reactions, some of which beneficial, by trigger- 
ing countermeasures which follow the desired direction, that of the eclimina- 
tion, at least partial, of obstacles to innovation which prevent an invention 
to reach its maturity. 


Most inventions may be unusable. However, those which succeed more than 
compensate for the failures. This is the principle on which risk capital 
companics operate. Therefore, it is indispensable for a modern society to 
give the inventor his chance. 


The inventor can succeed in such a difficult undertaking only if he holds, 
in addition to his indispensable creative quality, a large number of trumps: 
availability, knowledge of the laws of physics, technological background, 
practical knowledge of industrial property law, and a minimum amount of 
financial means in order to establish the priorities in his family budget. 
He must be able to manufacture a prototype and have at least a basic know- 
ledge of the market. This guarantees the conception stage. However, the 
invention must be hatched and allowed to face the business world. In 
effect, the inventor cannot accomplish without outside help: 


~ Taking a patent in a foreign country; in practical terms, the use of 
legal advice is mandatory; 
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- Prototype tests under factual operation conditions; 
- The development of the industrial manufacturing process. 


The obstacles, therefore, are numerous, and the clash between the inventor 
ard the industrial environment yields more heat than light. The inventor 
mist develop a file, as complete as possible, to be submitted to experts 
mist frequently unknown to him, but who have always been linked with indus- 
trial or university circles whose values will be severely disturbed by the 
invention. To recognize that an invention could lead to an improvement 
means to admit that the procedures used are not perfect. This entails the 
risk of reqsestioning the value of the current program which one likes or 
to be blam:d for not having suggested earlier that which the inventor is 
promot ing. 


The most frequently encountered attitudes in the dialogue with inventors 
are the following: 


- Polite interest with no follow up; 


- The monopoly of competence: “We have had here hundreds of specialists 
working on this problem for ages. What do you hope to contribuce with the 
help of yet one more expert?;" 


- The pseudo-dialogue: “We do not deal with inventors. Find yourself a 
competent industrialist who will then come to see us and guarantee what will 
follow should . . 28 


- The craft dialogue: "This is quite interesting but the tests would be 
long and costly. Our client is no. demanding. If we manage to accomplish 
something, it would be thanks to our good relations whose value is in- 
estimable. We must hold the exclusive world license while, naturally, the 
testing costs will be paid by you.” 


Following their completion, the tests could still lead to diverging cvalua- 
tions: “These are partial conclusions. It is encouraging but it has not 
as yet been proven that..." <A confirmed experiment may be even rejected 
for the sake of a theory. 


The industrialists who are best prepared to play the game, providing that 
the market is “organized,” i.e., given the existence of a monopoly or a 
monopsony, are outsiders who lose nothing by disturbing a market they have 
been unable to enter. 


Therefore, it becomes necessary for a modern state to develop a machinery 
which would guarantee the broad dissemination among scientific and technical 
circles of promising inventions and allow to use, if necessary, outsiders 
which could bypass the institutional structure. The programmed topic 
activities procedure was set up in this spirit. 
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Naturally, one could object this role played by the authorities, considering 
that it leads t« a dilution of responsibilities and the diminution of the 
autonomy of enterprises whose choices, however, are quite frequently pre- 
determined by research following various conceivable alternatives: One could 
adopc only solutions which have triggered a leng process of research and 
experimentation. An unexplored solution, even if it is the best, remains, 
therefore, virtually unvsed. 


We know that the division of the research efforts among the state, the 
industrialists, and the exploiting erterprises leads everywhere to arbitra- 
tion whose periodical requestioning of matters always triggers passionate 
discussions. Suffice it to recall the recent redistribution measures taken 
between the National Center for the Study of Telecommunications (CNET) and 
the telecommunications industry, justified by the needed export efforts. 

We shall note in the transportation sector that the railroad and aerospace 
industries are in diametrically opposed cituations. The airlines virtually 
never participate in aerospace research, whereas the SNCF [French National 
Railroads) plays a dominant role in the technical development of railroad 
materials. 


In order to promote and guide private and public research in the direction 
of priority topics, the state gives financial aid to private activities. 

The Transportation Research Institute (IRT) was assigned the administrative 
management and technical coordination of two of them: “vehicle safety," and 
“energy and harmful effects of land vehicles.” This implies a permanent 
evaluation activity. 


Studies conducted on averse effects of transport facilities focus on 
determining the adverse effects of noise and pollution: methods for 
measuring and predicting noise, and assessment of the effect of noise on a 
person, particularly during his sleep. The results of such studies have 
made it possible to provide interested ministerial services (Technical 
Studies of Road and Highways, Urban Transport Studies, and Pollution Pre- 
vention and Harmful Effects Agency) the necessary elements for the formula- 
tion of regulations and technical notices. 





Similar research, based on the same methods, has been conducted on the 
subject of comfort in public transportation vehicles. The SNCF and the RATP 
[Independent Parisian Transport System) have been closely involved with 
this work. 


In the case of pollution, research has remained focused on development of 
air pollution indicators and the making of air pollution prediction models 
based on traffic. 


In the field of energy savings, theoretical and experimental work has been 
undertaken on vehicle consumption under different traffic and driving con- 
ditions; models simulating consumption in traffic have been currently 
developed. 
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The New Ways 





The red flag in the eyes of land transportation and automotive manufacturing, 
rail construction, urban transport, and interurban transport, war the 
following: “A mew way or a new technique,” a total myth whose results, 
however, have been far from totally negative. More specifically, this 
applies to the ESV [European Safety Vehicles) program which led to an almost 
mandatory international cooperation and research related to new types of 
automotive vehicle motors, she “transbus” program, urban transport systems 
with automated control cabins, and contactless locomotion systems. A break- 
through was being looked for, an openinz of spatial horizons for land trans- 
port, aimed at revitalizing it through technology and proof: promotion of 
innovation with the participation of the public, aimed at achieving a sort 

‘f moral rearmament of this declining sector, at least in terms of collec- 
tive transportation which was excessively invading and, therefore, adverse 
in terms of automotive vehicles. 


This period, which ber 960, was distinguished in France by the strong 
personality of the er weer bertin. However, it would be wrong to limit 
such a discussion exc iwelv to the prospects of the air train, for this 
was a worldwide phenome. . responding to an objective situation which went 


largely beyond the value of one or another technol< zy. 


There is a myth to the extent to which one does not create a new world by 
request. Following the rhythm of two per century, we are in a lean period. 
In the course of the 1960's, i* was becoming impossible to enumerate all 
the “new ways” which were the fruits of the imagination of various pro- 
moters. However, once the situation calmed down, this gust of fresh air 
cia not seem to have missed the mark entirely, even though its initial 
ambitions had hardly been attained. 


This was a lively period even though cccasionally very difficult for those 
who were on the side of the inventors. Obviously, the outsiders did not 
question the extraordinary power of resistance of this circle. It had been 
forgotten that land transportation is related, far more than air and even 
maritime transport, to its infrastructure, and that only substantial invest- 
ments could economically justify an entirely new system, providing, however, 
that its geographic deployment had become possible. This remains quite 
problematical in terms of surface transport in an urban environment. There 
is virtually no entirely nuw system without infrastructure with new 
characteristics. It is qite clear taat unless the existing infrastructure 
is doubled, we might as well develop different characteristics. Once a 

road has reached its capacity, it is doubled by adding a highway, sometimes 
following different tracks. If a railroad is to be expanded, the character- 
istics of the track could accomodate the development of new materiais. In 
the case of high speeds acrodynamic resistances take precedence over wright, 
and the plane of the track becomes more important than the longitudinal 
profile. Finally, snould the urban ways become saturated, one should 

either redistribute the use of the ways among the various users, or look 

for a new site, whether standardized or not, and, if possible, on the 
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surface. If there is no congestion, it is practically impossible to justify 
a new infrastructure in terms of the exclusive amelioration of quality, and 
all that is left for the "new way" is to wait for better times. 


Critical Components 


The slowdown of growth will limit possibilities and radical innovation will 
yield to more progressive innovation. It is the equivalent of switching to 
the subsystems things occasionally referred to as research components. 

What makes this development even more justified is the fact that the pre- 
ceding period emphasized certain critical components the improvement of 
whose performance is a preamble to the introduction of the new system. 


The IRT has a testing laboratory in Vitry for research on critical compo- 
nents. This enables it to conduct experiments on a reduced scale in the 
electromagnetic field: tests of linear motors for the suburban aerotrain, 
and tests of magnets for magnetic feed, used to evaluate this power tech- 
nology. Furthermore, a test laboratory in Grenobl. will be testing real 
size linear motors and will study problems of railroad dynamics on a reduced 
scale. 


Is it possible that a return to more modest projects cculd abate the various 
passions and bring back serenity to the research teams? Probably not, as 
these are strict times for those whu work on long-term projects. The 
flexibility margins of the enterprises have been reduced and possibility 
for financial risks have become virtually nonexistent. "A bird in the hand 
is better than two in the bush" expresses popular wisdom. It would mean to 
continue to believe that the force ratio is in favor of the European 
countries. Yet, it is no longer possible to rest on the assumption that 
one's positions are impregnable. Therefore, one must know how to listen 
while there is still time and ‘ot silence a troublesome inventor for being 
the prophet of inevitable change. 


Aids to Land Maritime, Air, and Rail Traffic 


In the field of land and maritime traffic, the IRT cries to supply the 
exploitation services with the tools and methods which will enable them to 
ensure better circulation. The aerial navigation studies center (CENA) is 
doing the same in terms of aerial navigation, while the SNCF and RATP are 
doing this for the railroads. 


On the level of the circulation by road, atte opts are being made to improve 
the efficacy of the methods for the exploitation of suburban highways and, 
specifically, access ways, and to promote activities aimed at shifting the 
traffic to the rest of the road network. The use of the same principles of 
relief to the flat land and urban networks is currently contemplated. It 
would be based on a system of signals which would indicate to the drivers 
the advised route. 
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Other studies conducted on the subject of urban roadways are aimed at im- 
proving the operation of traffic lights through the development of methods 
which would allow traffic lights to adapt to immediate traffic conditions; 
in particular, it would be worth to explore the possibilities opened by 
advances in the field of informatics (use of microprocessors). 


All such methods require a good knowledge of the traffic and its character- 
istics (output, speed. ..); therefore, there is constant research underway 
to develop the tools necessary for their measurement and for the rapid de- 
tection of various incidents. It would be equally proper to explore possi- 
bilities offered by the modern information media (radio and telecommunica- 
tions) to provide drivers with information in terms of factual time, either 
while driving or at home, before the start. 


The purpose of the traffic plans is to organize urban traffic: synchronized 
lights, one-way streets, and bus lanes; such plans are already widespread 

but could be perfected. Development methods are being studied, such as 
forecasting, simplified data gathering systems, driving habits, stimulation 
information programs, and customer reaction to the mounting of operations. 
Particular attention is paid to bus traffic: use of reserve lanes, traffic 
light priorities, and service regularity. 





In maritime traffic, priority is given to traffic safety. The catastrophe 
of the Amoco Cadiz proved the profitability of such an approach in terms of: 


- Organization of the traffic and design of maritime traffic control 
centers in the Pas-de-Calais and the English Channel; 


- Use by navigators of sea and river signals and determination of their 
requirements in this area; 


~ Study of very big ships approaching port channels and their mooring. 


In aerial navigation, substantial efforts are being made to increase traffic 
control efficiency. Initially focused on the automation of flight plans 

and information provided by secondary radar, which made it possible to 

place and identify airplanes, now research is turning to helping operators 
to detect conflict situations better. 


The SNCF ana RATP are conducting permanent research aimed at improving 
automated systems which guarantee rail traffic safety while improving infra- 


structural capacity. 


The assessment of the reliability of such automated equipment is important 
ind efforts are being made to use air flight methods in such evaluation. 


Stakes in Transportation Research 


The three preceding major areas require partners other than its own foremen 
if they are to achieve specific results. By "foremen" we mean both those 
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who finance research and the sponsoring research bodies. It is quite clear 
that decision making aids can be useful only if the decision makers use the 
tools prepared for them. This equally applied to aids for innovation and 

traffic. Innovation in automotive manufacturing is succesful only if it is 
"recovered" by a big manufacturer. The case with traffic aids is the same. 


The principal actors in the field of transportation are the very big organi- 
zations whose research activities are weak, if not nul, the moment it 
becomes a question of long-range research. 


Such is the case of the major sponsoring administrations, most of the 
exploiting enterprises, and the big manufacturers. The frequently cited 
exception, that of aerospace manufacturing, may not be considered as such, 
for the research is conducted by major independent manufacturing bodies 
essentially financed by the military. 


Therefore, the difficulty of establishing a clear link between research 
aimed at achieving results in transportation and the consequent achievements, 
taken over by the big organizations, is difficult to establish. 


The resulting solutions will have, in effect, as many parents as authors 
involved in their utilization, including their main detractors who became 
involved at the very last minute. Who originated the orange-colored card 
and high railroad speeds? 


Yet, research stakes remain considerable. This can be easily proved 

through political science. The modern countries try to meet a social demand 
which changes rapidly through the use of minimum changes in existing 
institutions and predominant ways of life. 


Therefore, conservative answers must be found for a modern reality as 
dynamic as the present. The answers may be graded in terms of growing 
political difficulties, as follows: 


- The most easily accepted solutions are those which rely fully on the 
economy of the marketplace and which lead to public investments which are 
compensated, and overcompensated, by the revenue more or less directly 
traced to activities which engendered them. The archetypal example of this 
is the American "Highway Trust Fund" (special highway investment fund). 


- This is followed by the acceptance of discipline or regulations which are 
not as yet resented as restraints, for their cost is low, if not nul, and 
because they are implemented through major institutions without directly 
affecting the user. Specifically, such is the case of most measures related 
to traffic control provided by public groups and some vehicle control 
regulations which have not substantially modified their cost, such as anti- 
pollution standards in Europe. 


- Harder to accept are measures whose cost may be significant, whether 
supported by public or private organizations, but whose duties have become 
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extensively widespread in the course of time and among the various cate- 
gories of users, which deprives them of a high percentage of their political 
stakes. 


- Specifically, this is the case of the most costly standards, the promo- 
tion of public transportation, demanded by all political parties, motor 
vehicle speed limits, which are no longer opposed since the petroleum 
crisis, and the obligatory use of safety belts. 


- Finally, costly measures directly subsidized by some categories of users, 
which could modify significantly the way of life of such users, are quite 
difficult if not impossible to be accepted. Specifically, this applies to 
fiscal measures and discriminatory tariffs generally described as “economic 
incentives." A proper example of this is the road fees charged in urban 
areas, the “road pricing" which has never gone beyond the paid parking 
stage. 

With a slight exaggeration, it could be said that research in transporta- 
tion has the fcllowing purposes: 


- To evaluate the various measures which could oe considered for improving 
the situation and meeting the demands of society: congestion relief, 
increased safety, lowered adverse effects, protection of the environment 
and the way of life, energy savings, and lowering inequalities in terms of 
the handicapped or the residence of lower density areas; 


- Thanks to innovation, try to lower within this classification the level 
of the measures to be taken, once their evaluation has proved their effec- 
tiveness; thus, technological progress would make it possible for a regula- 
tion (such as, for example, improving the design of cars aimed at passenger 
safety) to be reclassified from class 3 (expensive measures even though with 
an excellent cost-effectiveness yield) to the level of a less costly measure 
or not costly at all and, therefore, withort any significant effect on the 
price of the automobile; 


- Present the decision makers with arguments which would lead to the 
acceptance of necessary measures considered a priori unpopular. Scientific 
deontology alone makes it possible to reduce the power of lobbies whenever 
big industrial or political interests are mobilized in support of negative 
causes. 


It should be said that speed limits, the use of safety belts, and the law 
on drunk driving were recommended by scientists many years before they 
became reality. Diagrams I and II clearly show the stakes in such matters. 


dave there been many discoveries yielding such results? Yet, few people 

are aware of the attacks which were mounted against the advocates of such 
measures. The private investigator hired by General Motors to investigate 
Ralph Nader has become a legendary example. Yet, such measures are currently 
presented, quite naturally, as political successes rather than as the results 
of long previous research. 
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Diagram I: The introduction of speed limits on highways led to an immediate 
and considerable drop in the number of lethal accidents. Whereas before 
December 1973 the average was 3.6 dead per 100 million kilometers driven, 
the figure afterwards declined to 1.5, or to less than one-half (document 
from the book by Gerondeau, "La Mort Inutile” [Useless Death]). 


Key: (1) Effect of speed limits on highways (4) Month by month 
(2) Frequency of lethal accidents (5) Period average 
(3) Frequency of lethal accidents (6) No speed limit 


The never-ending ciscussion triggered by political pursuits in research, in 
transportation and elsewhere, deals with the proper level of independence 
to be granted to research teams. 


According to the Manicheans, on the one hand, "pure knowledge" is the basis 
of progress; on the other, a "good political direction" leads to good 
researcn. 


Isolating oneself would be rejecting the mechanisms of the technological- 
political evolution which we have traced. Research, public research in 
particular, is an indispensable bridge between two types of fundamentally 
different actions: political action--globalizing and immediate--and tech- 
technical-sectorial action, which always deals with the means and the long 
term. 


Societies and governments cannot have specific and durable sectorial 
objectives. This is particularly the case of modern pluralistic societies. 
It is far more useful to think that there exists an enormous number of 
values and a fluctuating body of priorities which emerge among them. 
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Diagram II: There is a clear difference between the period before 1972, 
during which no adequate highway safety measure could be implemented, and 
the period which followed it. What makes the division between the two 
periods even more noteworthy is that traffic continued to rise as of 1972 
(by about 35 percent) which should have resulted by 1978 in an additional 
20,000 annual fatalities had the previous trend continued (document from 
the book by Gerondeau, "La Mor Inutile"” [Useless Death]. 
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Key: (1) Changes in the number of highway fatalities 
(2) Annual rhythm 
(3) Wearing safety belt 
(4) Speed limits 
(5) Law on drunken driving test 


Research must open the area of the possible to answer such fluctuating 
priorities, specifically through politically acceptable measures, and 
accurately assess their results. This evaluation function is particularly 
delicate in the field of transportation where there are conflicting and 
numerous interests, deep influences on life styles, progressive effects, 
and a very obvious touchiness of public opinion. 


Such thoughts should not lead to the conclusion that an attempt to formulate 
a definition covering both orientations in transportation policy and re- 
search, would be bad. On the contrary, it would be useful to promote such 
confrontation on a permanent basis. One must simply emphasize the stubborn- 
ness of the facts encountered in the course of this operation: the fast 
development of public and private stakes, exacerbated yet fluctuating 
touchiness, professional and public views, an imponderable economic context, 
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etc. Actually, it is striking to note the great similarity of research 
programs in the field of transportation, pursued by the various advanced 
countries. 


Within this fluctuating context, it is mandatory for research to be 
directed toward achieving a better knowledge of the results of a very 
adaptable policy. 


The slowness of scientific research and its methodological precautions 
should not surprise or disappoint political leaders, for this will always 
be the case. 


Research in the field of transportation is an indispensable support of 
action. Everyone must be aware of possible alternatives and the short and 
long-term consequences of the choices. The debate will be hard but such is 
the price of progress. The stakes are such that it would be dangerous to 
refuse such a debate, shielding behind the reassuring comfort of the viciws 
of big and highly-qualified institutions such as central administrations 
and big enterprises, mandatorily linked with sectorial targets. 


However, we should not confuse the scientific debate, based on a mandatory 
deontology and total neutrality subordinated to the facts, and the political 
debate which must be conflicting and which would encourage the antithesis, 
obeying, in turn, the orders of the voters. Certainly, research is "dis- 
turbing,"” but not aggressive. 
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